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MOMPABKA 


B moe cratbe (B. Il. Xapuu, «O mpocrpancTBe OrpaHH4eHHbIX PeryJIAPHbIX (pyHK- 
wu»), onyOmukoBanHon B JLAH, rT. 134, Ne 1, 4960 r., HMeIOTCH HeBepHbIe yTBepxKJeHHA. 
Cnenctsua 1, 2, 3 K Teopeme 5 (ctp. 42) OMKHBI ObITh 3aMeHEHBI cmenyrouleH dopmyan- 
poBKoH: 

Ilycme F umeem Koneunout o6xeam. JIaa moeo «mobol B(G) 6120 naomno e A(G), 
HeobxodUuMmo u OOoCmamo4Ho, umobel ecaKaA nopyuA F umes NoAOMCUMeAbHYIO AHAAUMUUeCKYIO 
emxocmb. IIpu ebinoakenuu gsmozo ycaosun (2) ecmb Kopma na A(F), a A (F) 3amknymo 
6 Ly(F). 

B reopeme 5 smecto @=£0 AomKHO OnITb @ (2)=£0, 2 E F. 


B. Xaeun 
T-00011. Tloqnucano k neuatu 131 1964 r. Tupax 5100 9xs. Saxas 1195 


@opmart 6ymaru 70 X 108/46. Bym. a. 71/9. Teun. 20,55+6 ska. Yu.-nay. a. 21,8 


2-a Tunorpadua Vsyatenbctsa AKkayemuu HayK CCCP. Mocxsa, IllyOunckuit nep., 10 


Joxnangn Akayemun nayr CCCP 
1961. Tom 136, Ne 3 


MATEMATHKA 


JI, A. AMASEHBEPr 


MPOCTPAHCTBA ®YHKI[MM, AHAJIATHYUECKHX B (p, q)-KPYTOBbIX 
OBJIACTAX 


(ITpedcmaeaexno akademuxom B.C. Cmupxoeem 9 IX 1960) 


Ilycts Q — orpaHuyeHHad OfHOCBH3HaA OOAaCTb mpoctpanctBa C” n KOM- 
TIIEKCHBIX MepeMeHHbIX. OGosHauum uepes A(Q) u A(Q) npocTpauctTBa 
yHKUMA, aHanMTHYecKHX, COOTBeTCTBeHHO, B OONacTH Q u Q. Tononorus B 
mpoctpauctTBax A(Q) u A(Q) BBOAMTCH OOMLEH3BeECTHbIM CTOCOOOM (CM., Ha- 
mpuMep, (')). A(Q) sBasetca mpoctpaHcTBoM Tuna F, A (Q) — npoctTpaHcTBOM 
(LN’) (). M3pectHo, To ofHocBa3HblIe oOnacTH Q u Q, mpoctpaHctBa C”, 
n> 1, Boodle roBopsA, He OTOOpaxKaloTcH MCeBLOKOHOpMHO pyr Ha Jpy- 
ra ((?), ra. VIII). Tlostomy Bonpoc 06 u3s0mMopdu3smMe mpoctpanctB A(Q) u 
A(Q,) (cootpetctBeHHO A(Q) u A(Q,)) He TpHBHaseH. 

V3z0moppu3M MpocTpaHcTB (yHKWMH, aHasHTHYeCKHX B THMepkKoOHyce uw 
OMUNNMHApe, Obl nomyueH daxtuyecku emje A. A. TemasKospm (). B pa- 
Oote (*) MoKa3aH U30MOpu3M MpocTpaHcTB (YHKUHH, aHawHTHYeCKHX B 
OFpaHHYeHHbIX KPaTHOKPYFOBbIX OONAaACTAX, COMep»xKallNxX cBOH WeHTp. AHawo- 
THUHbIe Pe3y/bTATbI, KAK HAM CTaJIO H3BeCTHO, Obliv Nosyuenbl C. Ponesuyen (77) 
uC. JJ. OxyHem. B nwactosmeli 3aMeTKe oKa3biBaeTcA M30MOpdu3M mpo- 
CTpaHcTB (QyHKUHi, aHaNMTHYeCKHX B OrpaHHYeHHbIX KpyrooOpa3HpIx ((5), 
ctp. 109) o6macTax, cofepxamux cBol wexHTp. Ja npocToTb u3nomKeHHe: 
BeyleTCA JIA cmyyand JByX KOMIIJICKCHbIX TepeMeHHEIX. 

- 1. Ilycts D—orpanuyenuaa (p,q)-KpyroBaa oOnacTb ((7), cTp. 117) ¢ 
IeHTPOM B Hayasie KOOPAHHaT poctTpaHctTBa C® KOMMJIeKCHBIX TepeMeHHBIX 
(wm, z), re p,q —B3aHMHO Mpoctble HaTypaJbHble uncia. Byfem mpefnowa- 
TaTb, 4¥TO O6acTb D cofepxKuT cpoli weHTp. He yMenbuian OOulHOCTH, MOx- 
HO CuHTaTb, 4YTO OONacTh D apanetca nomHon (?,°). Tlotpe6yem emule, uTo6nr 
o6nactb =D = {(efre|w |p, ef ree |2|9): (w,2)€D} Obina Takoh, uTO AIMHa 


OTpe3ka wy4a, coequHATOMero WeHTp OOnacTH D c TOUKOH TpaHHuubl, Obima 
HenpepbIBHOH PyHKWHeH OT MOMO*KeHHA Jy4a. 

OG6osHauuM yepes dw seMeHT OObeMa YeTHIPeXMePHOrO MpocTpaHctsBa. 
Wnterpan lo o6jiactH D MbI GymeM, B Calyyae HeOOXOAMMOCTH, NOHHMAaTb 


Kak HecoOcTBeHHbIi ((”), crp. 119). 
JlemmMa |. ITycmo axanaumuueckan @ o6aacmu D dynkyua f (w, z) npeo- 
cmasuma pasHomepxHo cxodsiyumca eHympu D psxdom noauHomoe 


f (w, 2) Sr S Pz (a, 2s 


k=0 


2de P;,(w,z) —o0nopodHele noaunomel cmenenu k omxocumenbHo w'/P, 21/9. 
Haan cyuwecmeosanun unmeepana 


1(f) = \ |f(w,2) Pde 
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HeobxoOUMO wu Oocmamo4Ho, umobol CxOOUACA p2O 


co 
> \ | P;, (w, z) P do. 
h=0 D 
Cymma amoeo pxda paexa I (f). 
ta qeMMa sABmseTcad O6O6mleHHeM H3BecTHOH Teopembl A. Kaptana aA 
Kpyroppix oOsactei (°). JlokasaTembCTBO aHaJIOrHYHO NOKasaTeJbCTBy Teope- 
mpl A. Kaptana. 
Bpeyem cueyyrouue MHoxectBa: L (k, p,q) = {m: cylecTByeT TaKkoe f, 


uto mp -+ng=k}, M(p,q)={(k,m): meL(k, p,q), L(R, p,q) He mMycTo}, © 


re m,n,k —wenbie HEOTPHIaTeJIbHble FHCJa. 
Jlemma 2. B npocmpancmee A(D) cywecmeyem 6basuc, cocmonwuu u3 
NOAUHOMOG OMHOCUMENbHO W, Z: 


{Pram (w, Z)}¢k, m)EM (p, q)s 


20€ P rm(W,Z)—OdHOpodnole noaunombl cmenenu k omxHocumenbno WYP, 21/9, 
Woxa3aTeabcTBo. YunTHIBad, YTO TIpH mp + ng== mp + nq 


( wm gr wim 2% day = 0, 


D 


HW OPTOHOPpMUpysA pH aHHOM k MOHOMBI 


{W™ 2"} mp +ng=h> 


TlomwyyaeM OpTOHOpMaJbHy!O B OGsacTH D cucTemy HOMHOMOB 


{P nm (W, Z)}(%, m)EM (p. 9)» . | (1) 


rie Prm(W, 2) — OMHOpOAHbIe NOMMHOMEI CTeneHH k OTHOCHTeAbHO WYP, z1/7 | 
V3 nemmpr | u ono Teopempt A. Kaprana (*) cnefyet, uTO cucTema (1) 
3aMKHyTa B poctpauctse L? (D) dyHkuHh, aHanuTHyecKHx B OOnacTH D wu 
CYMMUpyeMBIX C KBajipaToM B OOnacTH D. Tlostomy KaxKlaa yHKUHA u3 


L?(D) pa3snaraerch B PpaBHOMepHO CXOMAMMicA BHYTpH OOnacTH D pag ((?), 
erp. 123): 


» Qhm Px (w, 2). (2) 


(k, m)EM (p, 9) 


Honoxum D, = {(e, Ale ee , = eDh r > 0. Jlerko BugfetTb, ¥TO ecuM 
r ff 


‘cucTema (1) opToHopMasibHa B OOnacTH D, To CacTeMa NOJHHOMOB 
joa Praha) 
b ceekae be 


OpTOHOpMaJIbHa B OOsacTu D,. 
Ilyctb [f (w,z)€A(D). Tak Kak f (w,z)€L?(D,) npu scex r<1, To Hai- 


(ky m)EM (Pp, 4) 


AyTcd Takue KosbpunnexTs aj, uT0 dbyHKuna f(w,z) npeactaBuma paB-- 


HOMepHO CxOjAuluMcaA B OOnacTH D, payOM 


’ qh 
0 terme 


Hs equucTBenHocty passoxennua f (w, 2) B KpaTHbIit CTeneHHOM pay B OKpecT- 
HocTH TouKH (0, 0) cnegqyeT, 4TO pH mMOG6HIX p,r < | 
an 
rkte+¢ pte ° 
5m 


CnenosatenbHo, dbyHkunsa f(w, 2) pasnaraetcs B paBHOMepHO cxO_AMMit- 
‘CH BHYyTpH oOsactw D psga Buga (2). Jlemma 2 yoKa3ana. 

B fanbueiiem OyyemM npeqnomaraTb, uTo cucTema nmosMHOMoR (1) sBasaeT- 
ca Oasucom B Tipoctpauctse A(D). Tonoxum 


GAO) Pia) = asp | Pen (wy 2) |: 
(w, z)ED 
Teopema 1. JIaa mozo umo6er psd 


s3 Qkm Pim (w, Zz) (3) 


(k, m)EM (p, q) 


| pasHOMepHO cxoOUNCA BHympu obaacmu D, HeoOxodumo tt Oocmamouno, umo- 
60t 6 edunudHom Ouyunaundpe Ey, = {(w, 2): |w| <1, |z| <1} cxodusca 
p20 


B 
yh Qaim 0 (D; Pay YO" 2%, (4) 
m, n=0 
20e k= mp + nq. 
HokasatenpcersBo. HeoOxoyumocts. Ipocrpancrso A (D) snepxHo 
(cM., HanpHmep, (”)). M3 nemmpr 2 u Teopemp A.C. JbrHuna — B. C. Muraruua 
{®,1°) 0 Ga3Hcax B AZepHbIX MpocTpaHcTBax BbITeKaeT, YTO PAY 


Di HN aatd On Pea) (5) 


_ (k, MEM (p,9) 


_ CXOMHTCA T1pH Bcex r< 1. Orctola u 43 paBeHCTBa 
1),* P kya) = FUG Ds Poe) 


mowyaaem, 4To psy (4) cxogutca B OnuHMHApe Fy, 4. 
JloctatounHocTs. M3 cxogumoctu psya (4) B OOmacTu F,,, cnenyer, 
aTo pag (5) cxoqutTca mpu mo060om r<l, T. e. pay (3) cxogqutTca B OOnacTH 
_D «HopmanpHo»y ((7), cTp. 278), a 3HaaHT, H paBHOMepHO. 
Caenctspue 1. JIna mozo «4mobol Hekomopanx nocaedoeamenoxHocmo 
{Xprm} OOnadana ceoticmeom nocaedosamervoHocmu {d(D;Ppm)}, YKa3QHHOLM 6 
meopeme 1, HeoOxodumo u Oocmamoxuno, 4mobbl UMeAO Mecmo paéseXcmeo 


R 


i B( DP x) 
lim —_—_——_— =]. 
k->0o l%em| 


PaccMoTpuM cJiefytoulyio 3afayy: onpefewuTb Takoe HaHOombulee 1, 
-O0<r<oo, 4To pag (3) paBHOoMepHoO cXOJHTCA BHYyTpH oOmacru D,, rye 
D—puxcupopanuan oOslactTb. 

CnenctTsBue 2. Haubonowee r,0O<r<qQoo, makoe, umo psd (3) paexo- 


mepHo cxodumca enympu obaacmu D,, onpedeasemca no dopmyse {Mol c4u- 


4 4 ) 
maem, 4mo— = 0, ~ = oo 
oo 0 


4 sok 
a eey ain (Ds Peal 
' 3ameuaunue |. Teopema ! ana cnyyan runepxonyca R = {(w, z): |w| + 
+|z|< 1} Opina noxasana A. A. Temasxospm (*). B cayyae kpaTHOoKpyro- 
BbIX OOsacTei Teopema | nomyyeHa B padote (*). CuegcTBue 2 Aa cay4an 
WBokivoro cTreneHHoro psa u oOmacTH D, sABJAIOlelcH PHMepKOHYCOM, TaK- 
Ke yKasano A. A. TemasKopnmM (°*). 
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2. Bpeyem cueTHo-HopMHpopaHHoe (°) mpocrpanctso B (D) nocsefopatenb- 
HOCTeHi 
= {Anm}(k, m)EM (p, 9) 


© CHCTeMOH HOpM 


Vall ell cea (DP) cee ae 
(Rk, m)EM (p, 4) 


C noMombIo Teopempl | u Teopemb! Baxaxa ((7°), ctp. 56) merko momyunTp 
Cye{yIOULyIo JIEMMY: 
Jlemma 3. IJpocmpancmea A(D) u B(D) usomop@nol. 
Ilycts D u D,—oOnacTu, yopmeTBopsioliue ycloBuaM m1. 1. 
Teopema 2. ITpocmpaucmea A(D) u A(D,) usomoppuet. I] pocmpan- 
cmea A(D) u A (D,) makoe usomop@uet. 
3ameuaHne 2. C NOMOMLbIO NOJYYeHHBIX Pe3YJIbTAaTOB MOXHO yCTaHO- 
BUTb OOULMH BU JHHeMHBIX HelpepbIBHBIX B MpocTpauctse A(D) (B Mpo- 


ctpanctse A(D)) tbyHKmvouanos. JA TBOAKOKPyroBbIx OOsacTel 9TO ClemaHO 


B CTaTpix (@°2*): 
3ameuaHne 3. Teopema 2 Mo3BONHeT CBECTH BOMPOCbI MOJHOTHI H Oa- 


3uca B MpoctpaHcTBax A(D) K aHasOrM4HbIM BONpocaM B NpocTpaHcTBe 


A(E,,1). Tem campim pe3ysbTaTbl padot (1775) aproMaTHyecKH pacmipoctTpa- | 


HAIOTCA Ha Mpoctpanctsa A (D). 
S3ameuaune 4. Bce cofepxanve HacToAileH 3aMeTKH TepeHOCHTcA Ha 


cayual (p, q)-KpyroBbIx oOylacTeH, re p, —B3a¥MHO MpoctTble Wesble 4HC- 


qa, pq >> 0. 
Bpipaxkato MCKpeHHIo1o OmarofapHocTh mpod. A. A. Temasxosy. 


MockoscKui o6acTHoH mefarornuecKH HHCTHTYT Tlocrynuio 
um. H. K. Kpyncxoit 8 IX 1960 
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Aokuaygo Akanqemuu nayx CCCP 
1961. Tom 136, Ne 3 


MATEMATHKA 
A. Jl. AJIEKCEEB 


OB OCOBOM HHTEFPAJIBHOM YPABHEHHHW HA KOHTYPE 
W3 KJIACCA R 


¥, : (II pedcmasareno axademuxom I]. fl. Kowunoti 22 VIII 1960) 
‘ Teoplia ocoOoro MHTerpasbHOro ypaBHeHus 
i 


a(t) @(t) +72 \ OO ae = FH) (1) 


: TtT— 
} L 
4 CBA3aHHOH C HHM 3afauH PuMaHa c KpaeBbIM yCJIOBHeM 
O'(?)=G()O ()+ g(t) — (2) 


“ya KoHType L snepsple Obisia paspaOotaHa (cm. (?,2)) npH cuepxyroulux mMpes- 
nosiowKeHuAX: 1) KoHTyp LecTb mpoctad ruaqkaa mMHHUA, 2) KORppPuUHeHTHI 
a(t), b(t), f(t), G(t), g(t) yaosnerBopstot Ha L ycnoputo Tempzepa. 
B rocneflyroujux padotax Oblio MpoH3BefeHO paciliHpeHHe Kak kKuslacca 
KOsppHUHeHTOB STHX 3ayay (6), Tak H Ksacca KOHTypoB (**). B (*) Kon- 
Typ L cocTouT 43 KOHeYHOrO 4HCMa KYCOUHO-rviaqKHX KPHBbIX, a B (°, °) OH 
“tpecTapaneT CoOOH KOHeYHYIO COBOKYMHOCTb KPpHBbIX Ly, JIA KaxKLOH us 
-KOTOpbIX I1pH HeKOTOpOM m>0O BepHo HepaBeHCTBO 6 (fy, fz) < m|t, — fey], 
-B KOTOpOM 7, H t,— Be mrOOble TOUKH KpHBOM Lp, a O(ty, ft.) — AnMHa HaH- 
'MeHbUUeH fyrH 9STOH KDPHBOH C KOHIaMH B TOUKAaX ¢, HW fy. B (°) K Ly 
MpeAbABJIAeTCH JONOJHHTeNbHOe TpeOoBaHHe, OOecteyMBalollee CylleCTBOBa- 
HHe HeKOTOpOrO CHHTyJApHoro uHterpasia. IIpH TakoM onpeyeneHHH KOHTY- 
pa BOSHHKAaIOT H3BeCTHbIe TPpyHOCTH, CBA3aHHbIe C BbIACHeHHeEM TOrO, OOJla- 
flaeT JIM JaHHad KOHKpeTHasd KpHBas yKa3aHHbIMH CBOHCTBaMH HJIM HeT. 
SJleCb MbI pacCMaTpHBaeM OHH K/1aCC KpHBbIX (Ha3bIBaeMbIii Javiee KaccoM R), 
OlpeyesIeHHbIH Oovlee MpOCTbIM HM eCTeCTBEHHbIM OOpa3soM, H yCTaHaBJIMBaeM 
HeKOTOPbIe CBOHCTBa KPHBbIX 3TOTO KIacca, B TOM 4HCJIe Te, KOTOPbIMH OOWIa- 
qaioT KpuBbie L,, B (°, *). Tlomysenuble pe3y1bTaTbI HCHOJb3YIOTCA JIA pelieHHAa 
-ypaBuenna (1) u 3aqaun (2) Ha koHType H3 Kaacca R. 
1° Tlyerp L ectb npoctas (3aMKHyTas HIM He3aMKHyTad) CIpAMAeMaA 
KPHBad, KOOPAHHATbI TOYeK KOTOPOH Kak MYHKUKH JVIMHbI 3afaHbi ypaB- 
HeHHAMH X = x(s), y = y (s), O< s </, rae / — anna Kpuson L. M3pectuo, 
4TO B KaxKJOli TOUKe HeKOTOporo mMHOoxecTBa E (E C [0, /], mes E = /) cy- 
WecTByeT ONpeyeneHHad KacaTenbHaa K L. Ilyctb kpuBasa L cpepx Toro o6na- 
ae elle CeAyOuULHMH ABYyMA CBOHCTBaMH: 1) B Ka&KJOH TOUKe ee CyWIeECTBYIOT 
KaK JIleBad, TaK MW MpaBad KacaTesbuHble (B KAKO KOHIEBOH TOUKe He3aMKHy- 
TOH KPHBOM CyulecTByeT OfHa H3 3THX KaCaTeJIbHbIX); 2) eMHHUHBIN BeKTOp 
JeBoH (mpaBoi) KacaTebHOM B KaxKJOH TOuKe KpHBOH L aBAAeTCA Mpeyesom 
jlepa (ciipaBa) eHHHYHbIX BeEKTOPOB KaCaTeJIbHbIX B TOUKAX MHOx«ecTBa LE, 
Ba NOJIOKUTeMbHOe HallpaBJeHHe KaCaTeJIbHOH MbI IIPHHHMaeM TO, KOTOPOe CO- 
BiayaeT C HalpaBseHvemM pocta jyroBoli a6ciHcchi s. Kacc KpHBbIX, OOsasato- 
4UHX yKa3aHHbIMH CBOMCTBaMH, Ha30BeM K 1accOM R. Sromy ksaccy npH- 
HajiexkaT Kak BCe KYCOUHO-riaqKHe KpHBble, TaK H KPHBbIe C OFPaHHyeHHbIM 
BpalleHvem, onHcaHHbIe MW. Pagouom B paoore (1°). 
' 525 


O6osHa4dHM Yepes @; HAaHMeHbIUHH WS ABYyX HEOTPHILaTebHBIX YTJIOB, KO- 
TOpble OOpa3ylOT NOMOMKUTebHbIe HallpaBJIeHHA JIeBOK UH MpaBoH KacaTesp- 
HBIX B TOUKe s. Touku s@[0,/], B KOTOpbIx Ps #9, ABIAIOTCA  YIJIOBbIMH 
TouKkamMu KpHBoli L. YcraHoBuM cCvJlefyroulee CBOHCTBO KPHBbIX kKsacca R 
(3a OTCYTCTBHeEM MecTa 3]/eCb M B TOCJeAYIOUeM MOKa3aTeMbCTBa He IIPHBO- 
WsaTcs). 

Teopema |. [Tycms B > 0 — awboe naneped e3amoe uucao. Toeda mHo- 
acecmeo y2noeblx mouex Kpueoti L Kaacca R, @ Komopolx Qs >B, KOHeXHO. 

CneanctTBpue. Mnoocecmeo yerosolx movek Kpueoti KAacca R pasee Aauilo 
cuemHo. 

2°, MukcupyeM HekoTopoe u4HcO By B MpoMexyTKe O<B< 2/4. Ha 
OCHOBaHHHM Teopembl | KpuByio L xsacca R MOxHO pa30HTb Ha KOHeUHOe' 
yncno uacteh L; (i= 1,2,...,m) Tak, 4TO B KaxKOH TouKe s mo6oH U3: 
9THX YacTeli OyJeT BLIMOMHATECA HepaBeHCTBO @s<_8,. MomkHOo joKa3atTp,. 
4yTO Kaxkad u3 uacteli L; OOaqaeT CBOMCTBAMU, AHANOPHYHbIMH TeM CBOM- 
CTBaM TlaqKHX Ayr, KOTOpble OTMeyeHBI B § 2 (2), A YMeHHO, ane Kaxk]ou 
“43 KpuBon L; cyulecTByeT ancno R, Takoe, 4TO: 

1) Beskant OKpy2KHOCTb ¥ C payHycom p<R, HC WeHTpOM B sOO0H 
TouKe KpHBon L; BbIpesaeT U3 STO KPHBOM eEMMHCTBEHHY!O PpasOMKHYTYIO Ayry, 
ab (a uw 6 —pyroppie aOcliMccbl KOHWOB yru a< 6). 

2) Ilyctp s’, s”— Be moOpie TOUKH AyrH ab; n’ u n” — kakue-HHOyb. 
KacaTesbHble K @D B TOUKaX Ss’ H 8S” cooTBeTcTBeHHO. OO6o3Ha4yHM 4epes 
§(s’, s”) HamMeHbIIHH H3 JBYX HeOTPHWaTeJIbHbIX yrOB, OOpasyeMbIxX TMoOJIO- 
ACMTCJIbHBIMH HallpaBJICHHAMH TIpAMbIX 2’ un”. Torga 9(s’, s”) < By. 

3) Ilycrb 8, — NpOu3BONbHbIM yrol, YOBNeTBOPAIONIMH ycoBMIO: By < 
<B,<a/2, w mycTb Ma, My —ABe Mapalseibuble MpsAMble, MpoxossnMe 
yepes a u 6 w cocTaBJAlolHe C KaKOH-HOO KacaTesIbHOM (NeBOM UNH Mpa- 
BOH) B HeKOTOpOi TOUKe s Ha ab HeTynoH yron B >8,. Torga seskaa mps- 
Maa n, TapaswieibHad TPsIMbIM Nq HW My HK HaXOfAMaicA M@KAY MMH, Te- 
pecekaer ab poBHO B OAHOM TOUKe. 

4) Tlycrb s —nekoTopad wKcHpoBaHHasw TouKka pyru ab (moryutas 
coplayaTb ‘c a wunuH 6); s—TepemMeHHad TouKa 9ZsTOH Ayru; r=—r(s,,s) — 


qiuHa Xopiet s,s. Tora @yHKWMA rf NepeMeHHOH S MOHOTOHHO pacTeT Ha 
ayre s, bu MOHOTOHHO yObiBaeT Ha lyre as,. Betoqy wa pyre ab cnpaBey- — 
MBO HepaBeHcTBo \dr| > m,|ds|, rae m = COS Bo > o. ; 
Teopema 2. /lna awbot napot mowex s’,s” Kpueoti L Kkaacca R, He 
umeollell moueK eosepama, Cnpasednaueo Hepaeencmeo r(s’,s’) > m6 (s',s"),. 
20e o(s’, 8") —Oauna Haumenowett Oyeu Kpusoti L c Konyamu @ mouKax s’ 
us’; r(s’,s”)—Oauna cmaAeusawmweli ee xopdol; m—neKomopoe 4UucAO US 
npomeacymKa 0 < m< tay 
Q(t) 
3°, Ilyern D(z) = au a \ ened 
1 
ero rpaHHuHble 3HaueHua Ha KOHType L COOTBeTCTBeHHO cCjleBa MH CHpaBa NO 


OTHOWIeHHIO K BbIOPaHHOMy TIOJIOXKUTeIbHOMy OOxofy Bomb L; @ (t) 
yuopnetBopser Ha L ycnosuio Tenppzepa. Ecau L mnpuuagnexut knaccy R,. 
TO 43 TeopemMpl 2 Ha OcHBBaHHU (1") cnefyeT FTebepOBcKanA HelpepbIBHOCTE. | 
dynKkunk O*(t), O (t) na L, a TakxKe cipaBesxuBocTh dopmys 


Tt — HHTerpan * Tuna Korn; D* (t), B (¢)— 


ona [l —22Jo 00+ ohn 2a 


2 { 1 
@() = — Wow + gq \ Sa, 


b 


* Oech HU B JabHeleM BCe -MHTerpasibl MOHHMMAaIOTCA B CMBICe PHMaHa.. 
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; Tv 
rye aurerpaa\ 2°) dr MNOHUMaeCTCH B CMbICJI€ TWaBHOTO 3HaYeHHA 0 Kom; 


E : j : 
a(t) — yrom kpupow L B touxe ¢, onpefxemeHHbIii Kak B (1), erp. 436. 

Tak Kak KpuBble Kacca R oOnayawT cBoiicTBamH KpMBbIX L;, B (%), BCe 
pesyJIbTaTbl 3TOH paOoThI, OTHOCAMIMeCA K 3agaye (2) c rembepOBCKHMH KO3(p- 
HUHeEHTAaMH, PacipocTpaHsAoOTcA Ha cyyal KoHTypa L uz Knacca R. Yconosua 
CYIeCTBOBaHHA, YHCIO WH BUY peliieHui sayauu (2) B 39TOM CyIy¥yae OCTaIOTCA 
TeMH Ke, YTO HW B CJlyuae TiaKOrO KOHTypa. 

TouHO Tak Ke B C/ly4ae KOHTypa U3 KNacca R BepHbI BCe PpesybTATHI padoorT 
(*, °), KacaroulHecs ypaBHenna (1). OqHaKo culeqyeT 3ameTUTh, 4TOB (8, ®), 3aqaua 
(1) paccmaTpuBaetca B TaKUX NOCTaHOBKaX, Ip KOTOPHIX 9KBUBAJICHTHAA eH 3a- 
jaya Bua (2) HMeeT HempepbiBHbie (B cmbicne Tenpgepa) Kosddunnentn. Jaa 


 9Toro B padote (°) Kospdunuent a(t) Oepetca B Bue (byHKIMM HeKOTOpOrO cme- 


WHasbHOTO Bua, a B (°) NOX pelieHveM ypaBHeHHa (1) NONMMaeTCA yHKILMA, 
KOTOpax B OeCKOHEYHOM MHOKecTBe TOUeK KpuBOH L papeucTBy (1) MoxeT He 


> yHosseTBopsaTb. Mpi paccmaTpuBaem 3ajauy (1) Ha KoHType u3 Ksacca R (qua 


IIpOCTOTbl OrpaHHuMBaeMcaA CJIyYaeM OJHOH NpocToH 3aMKHYTOM KPHBOM) B 
WHOH, Ooslee eCTeCTBeHHOH NocTaHOBKe: Mpeznosmaraem, uTo a(t), b(t), f(t) yno- 
BleTBOpAIOT Ha L ycnosuto Tenbyepa, a(t) + b(t) + 0, a(t) + 0 na L, a peute- 
HHeM ypaBHenna (1) cunTaem (byHKUHIO, yOBNeTBOp AIOULy!IO paBeHcTBy (1) BO 
Bcex TouKax L. IIpu Tako NocTaHOBKe Bolipoca pelleHve 3anauu (1) npHodpe- 
TaeT CylecTBeHHOe CBOeOOpasHe. Oxa3biBaeTCH, 4TO B OOMLEM CuTy4ae paccmaT- 
puBaemoe ypaBHeHHe He MMeeT HelipepbiBHbIX (B cMbICVIe Tenbyepa) pelieHui. 
Ilostomy pewieHve ypaBHeuua (1) Mb HuleM B Oovlee LIMpOKOM Kulacce PyHKUNH, 
TIpeXCTaBHMbIX B BHJIe 


p(t) =i (t) + § (2), (3) 


rie @,(¢t) yhopmetBopser Ha L ycuopnio Tempyepa, a dyHkunn §(¢t) paBna 


_ HYJIO BCIOMy, 34 HCKJIOUeHHeEM pa3sBe 4YTO yrsoBbIX TOYeK KOHTypa. Jans 
_mlocmeqHux TIpH O0GOM 3afaHHOM &€ >0O HepapencrBo |§&(t)|>>e MoxKeT  BBI- 


weary 


NOJHATLCA JIMUIb B KOHCYHOM 4HCJIe TOUeK. 

Teopema 3. Meocdy pewenuamu ypaenenun (1) euda (3) u ucuesat- 
WuUMU HA OeCKOHeX4HOCMU pelleHUAMU 3adauu PuMaHa C Kpaesblm. Yycaoceuem 
Ha L 


ee) 8) ay EO 
PO=cTHroo? + aH+ ee (4) 


- Cyluecméeyem 630UMHO-OOHO3HaAUHOeE cooméeemcmeue 6 MOM CMbICNe, 4MO eCAU 


(3) ecmb pewenue ypaeHenusn (1), mo gyxKyun 


4 T 
®2) = a \ BE ae 
L 


 yOosremeopsem Kpaesomy ycaceuro (4), npusem @(cc) = 0; o6pamno, ecau 


@M+(z) ecmo pewenue sadauu (4) makxoe, umo PB (cc) =0, mo Pynkyun 


e=n)+ Bf1—- 2a, (5) 
20e 9, (t) = O* (t) —D (t) ecmo pewenue ypaenenusn (1), umerowwee ud (3). 

Vis (5) Buguo, uo pemlenne ypapHenua (1) HenpepbiBHO Ha L B TOM 
cyyae, KOra B KaxKMoOM yruoBol TouKe ¢, KOHTypa BbINOJHAeTCH NO KpaH- 
Heli Mepe ofHo “3 papexcTs b(t) =O nnn *(t,)—@ (te) =O. Ecum un- 
qeKc % Kpaepoi samauu (4) TonomKuTeseH, TO MpOHSBOJIbHBIMH NOCTOAHHBIMH, 
-BXOJALIMMH B pelleHve ypaBHeHua (1), MOX%KHO pacilOpsAAHTbCA Tak, YTOOBI 


'B % 3ajfJaHHbIX YIJIOBbIX TOUKAX 3TO PellleHHe ObIJIO Hel pepbIBHbIM, 
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B 3akmiovenve mpuHomy ray6oxyio OnarogapHoctb mpop. ©. I. Ta- 
XOBY, NO PyKOBOJCTBOM KOTOPOrO BHIHONHANACh 3Ta padoTa. 


PoctoscKHi-Ha-Jlony Tlocrynusio 
rocyapcTBeHHbIM yHHBepCcHTeT 11 VIII 1960 
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Jloxrnsage Akanemun nayr CCCP 
1961. Tom 136, N 3 


MATEMATHKA 
9. A. ACAJYJIJINH 


O MPMSHAKAX CXOJXMMOCTH KPATHDbIX PSOB 
C NOJIOKUTEJIBHbIMH WIEHAMM 


(1Tpedcmasaeno axademuxom A. H. Koamozopoeoim 2 VIII 1960) 


- B Moet paGote (1) Obit aH crexyromnit 
| Ilpusuax I. Ecau Ona abot cucmemot xeompuyamerorolx nocmoAHHolX 


h CP. CoS Ce (1) 
20e 

aes 

= 


umeemn MeCtnO HeEPABeHCIN6O 

} lim f¥ (cyt, Col. ++, Cnt) = Gl, ie eee) aN (2) 
too 

mo ps0 


f (my, Mg, ++ +, Mn) (3) 


sxodumca. Ecau oe xoma 6vl Oars oOHOLi cucmemol (1) umeem mecmo Hepa- 
-BeHCMm6O 


ANG, Conte ny ny le 
mo psd (3) pacxodumca. 


a 
§ . k 
: Y UHTHIBaA TOT @axkT, 4TO eCJIH lim <2 CyULeCTByeT, TO OH paBeH 
k->co Rk 


wig 
lim Va,, W WChomb3ya Npembyuit npu3sHaK, MoxHO NOyYNTS crenyouNi: 
2-00 

IIpusuaxk I]. Ecau Ona sboti cucmemet nocmosnuelx (1) cywecmeyem 
1pedea 


PreA\ Gtk 4). ..,¢,(k+ 4 
te ge eS a = “ Mgt tee (4) 


P h=sc0 f (aak, Cok, a 


mo ps0 (3) cxodumca. Ecau oe xoma Oot OAA OONOt Ccucmemol (1) umeern 
uecmo Hepaeencméeo 


If CAO EOD Tee © (5) 
 Ppuiem nocrzedoeameAbHOCMb 
Meteo Ci), |) Kise ly 2, 55 (6) 


"OHOMOHHO yOoleaem, mo pad pacxodumca. 

STOT NPH3Hak JaeT BO3MOXKHOCTh OOOOUMLMTS pH3HakH B. pMaxkosa (?) 
| Jlanam6epa Ha calyyah n-KpaTHbIX pxOB. 
).Pag 


f >) ie (my, Mo, eels Mn), (7) 
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; 


rye 
F (m, Mo, wees Mtn) = F (8; (171), 9o (1722), «- +) On (Mn) I 8 (1m)... 5, (Mn), (8) 


Ha3bipaeTca KOH AC HCHPOBAHHBIM NO OTHOUeHHIO K pay (3). 
Tlyctb byHkuua @ (2): 


1) TOMOKUTEIbHA; 
2) HempepbiBHO Auppepenunpyema; (9) 
3) MOHOTOHHO BospactaeT, lim p(t) = oo, 

too 


aul i(hay Xa, See: 


1) nosowKUTeIbHA, 
2) Bob moOoro My¥a, HCXOMAlero M3 Ha¥ala KOOPAMHaT, MOHO- 
TOHHO YyObIBaeT; (10) 
3) HelmpepbIBHa BHe He€KOTOPOH n-MepHOH ciepbl C WeHTPOM B Haya- 
jie KOOpMHAaT. 


Torjla HMeeT MeCTO:, 

Teopema. Ecau dynxyuu 4; (t) (t= 1, 2,..., nm) yooeremeopsiom ycao- 
eusm (9), a mynKyuu f (X14, Xo,..+, Xn) U F (x1, X%g,..-, Xn) yOoenemeopsiom 
ycaogusm (10), mo psd (3) u KOonOeNCUpOBanHeli pO (7) AGARIOMCA ConpA- 
OCEHHOIMU, M. €. U3 CXOOUMOCMU OOHO2ZO U3 HUX éeolMeKaem CcxodUMmOCMDd 
Opyeoeo. 

JlokasaTesbcTBO MpOBOAHTCA MyTeM NpHMeHeHHA K psjflam (3) wu (7) HHTe- 
rpaJibHoro mpH3Haka Kom (°). 

Jina OfMHapHbIX PALOB 9Ta TeopeMa Opblia foKa3anHa H. B. Byraespm (*), 
HO ero copmysupopka TpeOyeT yTOUHeHHS, a HMeHHO, TpeOyeTcsx, 4TOObI 
WJICHbI KOHJ@HCHPOBaHHOTO pAja TaKKe MOHOTOHHO yOniBanu. B. A. 3mopo- 
Buy (°) Jal HpHMep OAHHapHOrO pHa, YHOBMETBOPAIOMero YCMOBHAM TeEOPeMbI 
ByraeBa, HO NpOTHBOpeyalllero ee 3aKJIOUeHHIO. 

Jina BpbIBoyja mpu3sHaka EpMmakoBa BO3bMeM CHCTeMy KOHJeHCaTOpoB 
{6; (t)} (i= 1, 2,..., 7), yaoBneTBopsiomlux ycsIOBHAM (9), NOCTpoOuM KOH- 
ae pen pay Ana psafa (3) Mu NpHMeHHM MpH3Hak cxoyumoctTy II. 

mMeeM 


pig LOrlee GA, 8: Lee EAM +s On [Er (2+4))} 6, [er (A+ 1)}-. -8) [c, (R-+1)] 
ahi 7 [61 (cxk), 02 (Cok), »- > Oy (CaA)I Tip be 


(11) 


Bpejem PyHKUHU @;(x,;), YHOBJeTBOpAIOMIMe yCNOBUAM 


8; [¢; (2 + 1)] = or [67 (c:k) = @: i), (12) 
DUG p= Ce eel ee a 
Tuddbepenuupysa (12) u nogcrapasa B (11), nomyaum 
F Lepr (x2), 2 (Xa)s = + + Pn (ad) Py (2) Py (X2) - + Pp (%p) 
= | ee OE 2 ee 
q Coie ae Xp-200 f (Xa, %a,-- +, Xn) : abe 


Otciofa BbITeKaeT: 

IIpusnax IN. Ecau gynxyua f (xy, X2,..-, Xn) U coomeemcmeyrwan 
KONOeHCupoeanHan dynKkyun F (x1, X2,..+, Xn) yOosremeopsiom ycaosuam (10), 
a KoNOeNcamopol —;(t) yOoeremeopatom ycaoeuam (9), mo pxd (3) cxodumcr 
npu q<l u pacxodumca npu q>1, ede gq onpedennemca us (13), 

Ilonaran g(t) =e’, umMeem cneqyrouni: 

TIpusnak IV. Ecau gyxxyuu 


f (X1, Xap oo lpn ye Ee wre en ee ren ate 
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a 
==] 


‘ydoeaemeopsiom ycaosusm (10) u 
f (e™ Cote e”) petiat ae +t, 


X15 Xa, <5 X00 i (4, XQ, + + 0, X a) g 


mo pad (3) cxodumca npu q<1 u pacxodumca npu q>|. 
_ Honaraa g(t) =¢+ 1, nonyunm: 

IIpu3suak V. Ecau dynkyua f (x1, X2,..., Xn) yOoeremeopaem ycao- 
GUAM (10) u 


; ———f (%1. +1, x%2+1,..., x, +1) 


g = lim Tt fleas rie eee at) 


mo pad (3) npu g<1 cxodumca, npu q>1 pacxodumca. 

_ na onmnapaprx psfoB npu3naku III u IV Opiau nosyyenst Epmaxospm, 
‘HO B ero POPpMyJHpOBKe NpPH3Hak He Bcerga BepeH — y Hero HeT ycOBUA 
MOHOTOHHOCTH 4JICHOB KOHJeHCHpoBaHHoro psga. Jina ofuHapHoro pala 
A. Octposckuit (°) yrounu dopMysupopKy npHsHaka Epmakosa. 


Tloctynuso 
23 V 1960 
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Jlokrxnann Akafemunu nwayk CCCP 
1961. Tom 136, Ne 3 


MATEMATHKA 
H. 4. BBEQEHCKAS 


NPHMEP HEEXMHCTBEHHOCTH OBOBUIEHHOTO PELIEHHA 
KBA3SHJINHEHHOW CHCTEMbI YPABHEHHK 


(ITpeccmaeaeno axademuxom M. B. Keadouuem 15 IX 1960) 


Ji1A ONpeeIeHHA MOHATHA OOOOULEHHOTO PeWICHHA KBa3HJIHHeHHbIX runep- 
OoMYeCKHX CHCTEM B HHX MpHXOMHTCA BBOAHTb CTPpeMALMeECA K° HYJIIO «BASKHE 
yleHb» (1). B pa6otax (?, *) MoKa3aHO, 4TO BHA OOOOMeHHOFO pelieHHA MOXKeT 
3aBHCeTb OT STHX BASKHX YJICHOB. 

Hwke MpHBOAMTCA NpuMep runepOowMyecKOH CHCTeMbI ABYX KBa3HJIHHeH- 
HbIX YpaBHeHHH, JIA KOTOPOH pa3/1H4Hble OOOOULEHHbIe pellIeHHA OMHOH HM TOK 
*Ke 3agaun Kon novyuaiotca u3 pelienui NapaOosMuecKUX CHCTeM C OJHHAKO- 
BbIMH BASKHMH WJieHaMH. CucTema MMeeT BHA, MpelvioweHHbi C.K. PonyHossim. 
IlpuMep BO3HHK B pe3yJibTaTe OOcy2xgeHHA c C. K. PoqyHosbim Bompocos, cBA- 
3aHHbIX C ero paOoton (?). La acHOCTH MbI NOBTOPHM HeKOTOPpble M3 NpHBeseH- 
HbIX TaM yTBepxKeHHH. 

PaccmoTpuM 3ajauy Kom aaa CHCTeMbI 


ou OL, (u, V) dv OL, (u, 2) 
Gite) Gl i a (1) 


Ox 


C NMOCTOAHHBIMA pH x >0O wu x <0 HauabHbIMH YCJIOBHAMH ty (X), Uo (x) 


Uo (XxX) = Uy, U(X) =, x > 0; 9 
Ug (%): = Us,” “Uo (4) eae (2) 


OG6oOmenHoe pelieHne sagaun (1), (2) Gynem ucKaTb Kak Mpefen pu 
€—>0 pelieHHi CHCTeMbI 


Ou, OL Au. 502) Oru, 

at ia Ox Teo 

OULD OL (une) Ou, 

op ar ox = © Oe (3) 


C HavaJIbHBIMH yCJlOBHAMM 
u(x, 0) = up (x), 0, (%, 0) = 95 (x); (4) 


Us(+00) =U, ,), vUs(t+~) =4,,; 


€ & 
Un, > Ope = 0. 


Tiyers Ly (uy, 0;) = Ly (us, 02), Lo (uy, 01) = Lo Ua; 02). “Tannen cranes 
HapHple pewieHua sagaun (3), (4) Buda ue =u(&), ve =v(é), §=x/e. Daa 
STUX pelweHHit | 

dL, (u, v) au dL, (u, 2) du 
ray ce” ce eal des | 
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WM, 3HauHT, 
Ly+c,—du/di=0, Lo+e,— dujde = (). 


Yoon mpu §€—>-+ oo dynKunu u, v YAOBJCTBOPAJIH HYKHbIM YCJIOBHuM, 
ee Are (ty, 0s), As = (to, V2) JOUKHBI ObITh CTalMOHapHbIMH TOUKaMH 
YHKILMH 


A=L-+ cu + C20. 


Jlerko BHeTb, 4TO Ha MocKOcTH (u, Vv) peuleHHe Hallel sanaun ecTb 
TpaeKTOpHA, COeMMHAIOWaA TOUKH A, H Ay HM UyUlaA OPTOrOHabHO AHHUAM 
ypoBHa dyHKuun A; Bomb TpaekTopuu A pacter c poctom €. 

glycto = 9, Us =v, =v, = 0, 


L (u, v0) = (wu? — 2u + v? + 1) (u? —6u + v? — 3) + 254, 
A (uw, 0) = (uw? —2u + v2 + 1) (uw? — 6u + v? — 3), 


Kaprauua Muu yposusa dyuKkuuii A npeyctapnena na puc. |. Touxn Ay, 
A, OyMyT CTal\MOHapHBIMH TOUKaMH (cbyHKuHH A. Vmerotca ype CHMMeTpuu- 
Hbl€ OTHOCHTeJIbHO OCH WU TpaeKTOpHu, ULyUIMe H3 
A, B A, (3aMeTHM, YTO OTPe30K OCH uU MEK 
3THMH TOUKAaMM TakOH TpaeKTOpHelt He ABsAeTCA). 
ScHo, uTto mpH e—-O dyHKuMH U,, Vz, OTBeUA- 
IOUlHe STHM TPaeKTOPHAM, CXONATCH K OJHHM H 
TeM 2%Ke PyYHKUMAM u(x, t) = Uy (x), v(x, t) = V9 (x). 

SamMeTHM Tellepb, 4¥TO 3agaye (3), (4) yqoBuer- 


BOPAIOT (YHKIMH, IA KOTOpHIX uv, (x, 0) = 0, ’ 
Us = 0, < 

ou OL, (u., 0) Ou. Puce. 4 

OF Tele Wan oe (5) y 


Kak nokasaHo B (4), pH HauaJbHbIX JaHHBIX Uf (x)—> U(x) (B YaCTHO- 
CTH, MpH us(x)=u(x)) pellenua ypapHenua (5) cxogatca K yHKIMH 
u(x,t) =u(x/t), He copnayatolleH c PyHKUMeH Uy (x). 

O6e Tapbl MpesembHBIX GYHKUMM ABMAIOTCA OOOOMLEHHBIMH pellleHHAMH 
KBa3HJIMHeMHOM CHcTeMbI (1) H yOBMeTBOpAIOT yCJOBHIO (2). 

Vimeer mm cuctema (3) eMHCTBeHHOe pellienve 3agauH Kolm mpu pas3- 
PHIBHbIX HavaJIbHbIX JJaHHbIX BHja (2), MbI He 3HaeM. 


Moctynuso 
9 IX 1960 


ILATHPOBAHHAA JIATEPATYPA 
MmeMelexbioana, YMH, 14, 2 (1959. *C K.Fonxzyuos, JAH, 194, 


No 6 (1960). *B. © Jpauenxo, JAH, 136, Ne 1 (1961) 4 A.C. Kan amun- 
Kos, JJAH, 127, Ne 1 (1959). 
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Jloxazagn Akawemun nayk CCCP 
1961. Tom 136, Ne 3 


MATEMATHKA 
E. B. BYJI 


O EXMHCTBEHHOCTH NPEACTABJIEHHA HEKOTOPbIX KJIACCOB 
NOJIOKATEJIbHO-ONMPENEJIEHHbIX OCBOBLIEHHbIX ®YHKUMH 


(IIpedcmaeaeno axademuxom M. B. Keadouuem 8 VIII 1960) 


B pa6ote VW. M. Teasdanga u Ca [o-mmna (1) paccmoTpexb! Bompocst, 
CBASAHHbI€ C IpPeACTaBJeHHAMH MOJOXKHTEbHO-ONPeeMeCHHbIX UYeTHbIX JMHeH- 
HbIX YHKUHOHAJIOB, 3aanHbIxX Hal mpoctpancrBamu Z u Z> OCHOBHBIX (byHK- 
unit. Huse HeKOTOpble H3 9THX BOMPOCOB pacCMaTPHBaloTCA WIA Apyrux 
MpOcTpaHcTB OCHOBHBIX PyHKIUHH. 

Cnenys kHure MW. M. Tenpcdanga u [. E. Wnnopa (7), Bpegzem mpocrpan- 
ctno Why wembIX yHKunHH @(z)=@(x-+iy), yMOBNeTBOpsIONMX HepaBeH- 
CTBaM 


\ @ (x + iy) | < ce—M(alx))+Q0lyl) | 


rye NOJOKNTeNbHbIe uHca a,b u Cc 3aBHCAT OT cbyHKuHH g(z), a Mu 
(2 — Bo3pactaiolue (byHKUMH, HMelollMe HenpepbIBHbIe BO3pacTaloulMe Mmpo- 
0 


Q Q 
H3BOMHbIe. OOo3HauHM Yepes Wy MOAMpocTpaHcTBo MpoctTpanctsa Wy, cocTos- 
mee H3 UYeTHBIX *yHKUHH. YcOBHA HETPHBUaNbHOCTH TaKHX MPOCTpaHCcTB 
vcculeqoBaHbl B padotax C. MangenbOpolita (*?) un K. H. BaGeuxo (*). 


0 
Q Pee 
PaccmMoTpuM Hay WpoctpanctBom Wy JIMHeMHbI dyHkuHOHan T, 3afaH- 
HbIM B Bue 
(oe) 


ea 9) =| cos xh op (x) dx dy. (2) + | \ chxh@(x)dxds(n), (1) 


—60 —oo 


re Mepbi 6(4) u w(A) TaKkoBbl, uTO 


CO 


(| | cos x. p(x) | du (2) <v0, 
(| (ch xh g(a) ds [ds (2) <0 


0 
& 7Q 
Wek Beex dbyHkuni PE Wy. JlerkKo Bugetb, 410 dbyHkuNoHan T ypopnerso- 


0 = 
pseT cooTHomennio T(p*qQ)>0, rae PE Wn, @ (z) = » (—z) 4 aABaAseTCA To- 
STOMY NOJIOMKUTEMbHO-ONpeseeHHbIM. DyHKUHOHAMbI TaKOrO THMa H3y4aNHcb 
p padote A. [. Koctiouenko wu B. C. Mursruna (5). Hac 6ynet untepeco- 
BaTb BOMpoc O TOM, Kora B pa3owKeHHH (1) Meppt p(A) uw (A) onpene- 
JI@HbI €JMHCTBEHHBIM OOpa3soM. 


‘ 0 
Tlepeiizem k mpeoOpasopanuio Pypbe upoctpauctsa Wy. B (?) noKa3aHo, 


uTO MpeoOpasopanuem ypbpe mpoctpancipa Wy sBaneTCA mpocTpaHcTBO 
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Wor, rye 2, —dynkuua, BolicrBenHaa no IOury * x M, a M, — oynxuus, 
eae no lOury k Q. OresHaH0, qTO mpeoOpasopanuem @ypbe npoctpan- 


CTBa we OyyetT 1 Ws, JIluHeHubli dyHkuvonan T, 3amanupiit 
Haj, NpocTpaHcTBom we apes (1), mepeliyzeT B sMHeHHDIM byHKIHO- 


H Han T° Hay, IpOcTpaHCTBOM wes, 3allHCbIBaeMbIit B Bue 
id 
gd 
f 


T*, ¥) =\ p(y du (x) + | vW) doy), 2) 
; ae 0 0 
3 VIP) dp (x) <0, | ip liy) lds) <o. 


'Bompoc e2MHCTBeHHOCTH TipefctaBseHuA (byHKuMoHana T B Buse (1) cBesca 
TeM CaMBbIM K BOIMpOCy efMHCTBEHHOCTH MpefctTaBseHua cbyHKuMOHaa T* 


xM 
B Buse (2). B npegnosoxKeHHH, 4TO CylecTByeT KOHeYHBIM npefen lim ii = 
X->00 1 
cipaBeIMBbI Teopempl | & 2. 


) 


oe 
Teopema l. Ecau \ dx = 0c, mo KaxCOOMY NOAOICUMeAbHO-ONpe- 


pS 1 


0 
_ OeneHHomy dyxkuuonaay T Had npocmpaxcmeom Was 3adanHomy 6 eude (1), 
_ omeeuarom eduncmeeHNole de u(r) uw o(A). 


Teopema 2. Ecau ( wa sl aus) <(0oo, mo cytwecmeyiom mepot p(A) =e py (A) 


1 


_ u o(A)=6,(A) makue, umo Aan abo dynKkyuu r (z) ewm 


co 


p(x) dp (x) +) iy) ds (y) = \ 9) ) dy (x) + (4 (iy)dox(y) (3) 


0 


ae 
Ora 9 


u uxmeepanet 6 (3) abconatomHo cxodAMcH. 
Jloka3saTembcTBo Teopemp |. JlocraTOuHO pacCMaTpHBaTb TOJIbKO 


mpoctpanctsa Wy, Tak KaK M3 YCJIORHA HemycTOTbI MpoctpaHctTBa cuepyer, 
’ yTO Wiewe: (*). IlpegnonoxumM, uTO MpefctaBsenve yHkuMoHana T” B 
Bugle (2) HeemuHcTBeHHO. Torja cyulecTByIOoT TakHe aOCcOJIOTHO afAMTHBHbIe 


yYHKUHH MHOXKECTB pH G, YTO 


ae 


oo 


\ (x) d(x) +\ vy) 43 (y) = 0, (4) 


fe 4a 
rae p(z)— moan pyHkuua u3 Wyi, a wp HM O MMEWWT OFpaHHeHHy!O BapHa- 
ILM10 Ha Ka?KJOM KOHCYHOM HHTepBasle H HHTerpall B (4) aOCOMOTHO CXOMUT- 


0 
8 M 
cea. TlocrasuM 8B cCOOTBeTCTBHe KaxkoH yHKuHH ~(z)E Wm dyxKuHt0 


x 
( * Ecam g(x) — oOpatuan hynkuua k Q’ (x), TO dyHKuHA (e dt HasbipaeTcA BO ii- 


| 0 
¢TBpeHHOH no lunry kK dynKunn Q(x) 


ei 


ab, (Z) = (V2). Toraa aaa dyHKunit +p, (2) cripapeMBbI HepaBeHCTBa 


Iba) |< ce lel I eee 
Its (x) |<cremerld, x <0. 


V3 (4) cnenyer, uTO AA moOok nenoh dyHKunA ‘+p, (2), YAOBNETBOP A10- 
ule HepaBeHCTBaM (5), 


(5) 


\ vhs (2) dv (x) = 0, (6) |. 
rye 
ee > 0; 


IIpu stom uuterpan B (6) a6coJIOTHO CXOJHTCA JAA MOCO PyHKUAH 1p, (x), 
ecaH tp, (22) € Wu! 
MoxHO oKa3aTb, 4TO pH wo060M c >OcymlecTByeT pyHkuuA @ (2) ! 


ty) 
43 Was YAOBJIeTBOPHAIOMLaA HepaBeHCTBy 


| p (éy) | > erent (7) 


M3 (6) BbiTeKkaeT Tora, 4TO 


0 


Feet Hd (y) <0 


—oo 


a ' 
npH mo6om c>0. Tonomum dv, (x) = p? (x) dv(x), rae tp, (2°) EW. Ecau 
P(x) —Muorouen, To P(x) *p?(x) OAT yOBseTBOpHeT HepaBeHcTBaM (5) H | 


\ P(x) dvi (x) =0. (8) | 


TlokaxxeM Tenlepb, 4TO H3 TpeAMoNOKeHUA TEOPeMbI cyleyeT, ITO 


lee) 


\ F(x) dvs (x) = 0, (9) 


—oo 


re f(x) — mo6axi HenpepbiBHad duHUTHaAd dyHKuua. JelicrBHTenbHO, BOC- 
NOJIb3OBaBIUMCb Teopemot C. H, Bepnuitelia (cM. o630pHyt1o0 ctTaTbto (°)), 
Halijlem 110 sH0OoMy &€ >O Tako nonmuHoM P(x), uTO MpH BCeXx x 


| P (x) — f (x) [eM <e, 
Torga 


co [oe)} foe) 

|\ Fe) ay, Oe) \ (F(x) — P(x) dvi (x)|<e \ eMV ) dy, (x) = e- const. 
Bayly npouspobyocTw & HMeeM \ i (x) dv, (x) = 0. CnenopatenbHo, dv, = 
= dv =(. Teopema yoKa3ana. ne 
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JlokasaTeabcTBo Teopemp 2. Ilycrh dynxuua M(x) takoBa, 4TO 


ee re See CUE een 
i i 


B (*) gaa HeyOprpatomelt bdyuxunn M, ana KOTOpO = OX <acon TIO 
1 


¢TpoeHa leslaa dyHkunA F (Zz), npHHuMariollan Ha JelicTBHTeMbHOM OCH BellecT- 
‘BeHHbI€C 3HAYCHHA H YOBJeETBOpAIOUad Mp BceX Zz HepaBeHCTBY 


| F (z)| <ce®u'-M (Vial), B <0. 


PaccmotpuM ynKunio F(z) = F (z)e’’?. B pepxneli nomynocKocTH ona 
-YMOBJIETBOpHeT HepaBeHCTBY 


' | | Fi (z)|<ce—™ Vie, 

yu mostomy Aa mo6ok myHKunn rp, (2), p, (22) Wd", 
lim \ p(z) Fy(2)dz =0 
R>o 


Cc 
R 
(rye Cr —nonyoKpyxHoctb Imz>0, |z|=R), orKkyma cleqyeT, 4TO 
\ hi (x) Fi (x) de = 0. (10) 


I]popofaA anasiorHyuHble paccyxKweHHA fa dyHKunH F(z) = F (z)e B 
“HYXKHEH MOJIyMOCKOCTH, MbI NOJIyuHM, YTO 
co 


| bi (x) Fa(x) dx = 0. 
CxyafprBasa (10) aN), ara 


\ ab; (1) F (x) cos Bx dx = 0. 


| IlyctTp 


dv, = max (0,F (x) cos Bx) dx, 

dv, = max (0, — F (x) cos Bx) dx. 
Torga 

bi? 1 (x) dv, (x ijt x) dv, (x) 


HM Mepbl 6(x?), w(x?) 6, (x?), w, (%?), MOCTpoeHHble MO McpaM v, H Ve, ompe- 
JeNAOT OMMH HW TOT Ke PyHkunonan T. 
IIpHuouty rstyGoKky10 6narogapuoctn VM. M. Teandanzy uM. A. Esrpadosy 3a 


NOCTOHHHOG BHHMaHHe K pa6ote. 
Toctynuso 
2 VIII 1960 


WMTHPOBAHHAA JIMTEPATYPA 


1YW.M.Teasnodaug, Cs To-mwuna, YMH, 15, B. 1 (1960). 7H. M. Peapoauga, 
7. E. lua os, ee ae pyc: By Ody Hikes 1958. SOS Pa Mia) ohdvenlebarowjm ts mre 
(249, 2465 (1959). 4K. HW. Baobeu ko, JIAH, 132, No 6 (1960). Ss uie Koctwouen. 
K 0, B.C. Mursarun, JIAH, 131, Ne 1 (1960). 6G. H.. Mee p riewshy ey Mel 11, 
5, 107 (1956). 7C. Mannean6 poi, Matematuka, C6opu. mep., 2, 3 (1958). 
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Jlornaynr Akagemun nayrk CCCP 
1961. Tom 136, N 3 


MATEMATHK A¥ 


B. Tl. HJIBHH u B. A. COJIOHHUKOB 


O HEKOTOPbIX CBOHMCTBAX JH®EPEHIMPYEMBIX ®YHKIUMU ‘a 
MHOrHX NEPEMEHHbIX 


(I1pedcmaeaexno axademuxom B. H. Cmupxoeoim 28 VII 1960) 


B wactosmeli paOore paccMaTpBaloTCa HeKOTOpbie cBOlicTBa yHKUH,§ 
HMCIOILMX pa3JMUHble AMdppepehuMaJIbHble CBOHCTBA NO pa3HbIM NepeMeHHbIM.§ 
STMM BoMpocaM MOCBALICHBI Take padoTer (**). 1 

1. [lyerb f (%1,..., Xn) —Taagkas pyuKuna. Ilyctbh > 0, x; (i=1,2,..., 2) 
NPOHSBOJbHbIC MOJOKUTCIbHbIe UCNa;.v;, lz, S;, k; — MPOW3BOJbHbIe HEOTpH-§ 
WaTeJIbHble Wesble wucsa, mnpuuem O<v; </1;. CupaBeanuBo ToO*K[ecTBO: 


h*1 Ann 
; ce 
Dae... Dini (a= \... | Paty -- 5 tnF on) X 
0 0 
a Pe x, 
xT [wy yp) din dite = 
i=vag tp "ae 


2 h Ky py ft = WS 
ee {do ‘ ( ee y,! ; , f “%; 
C >| x yi tr gs | Lis ay le ; pr (Yi, v | an oe dyn x 


% ‘DIF (ict tis) Se ee ae 


0 
— OD f (Xb ys ey Me Yet U2, «+ Ka + Yn) + 


4 DEE Fy + yy «stot Hey vn 2) Me Od 0 ee 
Se a Seyret ae 


n 


roe C, Yu Yo — HEKOTOpble TOCTOAHHBIe, fF = >| Mj (1; + v; + k; +3), 
f=1 


vi 
vy), oo =G—w) | oT ait? ty de + 
; uj 
oi ; 
+ 292 | ot —ayirterte de 
yj 
1 a 
Oo? x; 2 ;s+2 ki +; 
Mies ae \ (G4 Gagyiwee eres ap 
i iy 


BowbuiMHcTBO ccpOpMyJIMPOBaHHBIX HWKe pe3yJIbTATOB nomyyaercsn H] 
OCHOBaHHH 3TOFO TOKMecTBA. 
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* 


2. Ilycrb D— o6nactb mpocrpanctsa E,, oOnafatoman cneqyiouluM cBoli- 
TBOM: B KaxfOl ToukKe x€D MOxHO TpoBecrH n-MepHbiii MpAMOyrosbHHK, 
(eIMKOM cofepxalliniica BD, c Bepliuiol B x uc peOpamu, NapannenbHbIMH 


CAM KOOPAHHaT HM HMelOUluMH MocrosHHyio ynuHy #; (i= 1,2,..., n). 

<pOMe TOTO, MpeAMOsOKUM, YTO CCH TOUKH C KOOPAMHATAaMH (4X4, ..., Xz...) Xn) 

Bi hae ieee Xe ty. <=, Xn) ee Dy 10 WAX es ea OG 2 ee eD) 

0 Sd ip OTHE: Uepes re By BGs (D) o603HauMM MpoctpaHcTBo yHKunh, 
Orv1> n 


[BJIAIOULeeCA SAMbIKAHHEM MHOKECTBA [aqKHX PyHKUMH BHOpMe 


WF lgientn pm Elle, coy FF ton 


| ‘ Sait. (D)’ 
PorP1---Py AD 


ne Flt, be tno) Ba «Oe \ LD retry eet eae te ee 


i=1 p 1; (x) 


= 


h 


eee a) Die f(x i pie Ke 


ec I; eet aaeaaat TakKHX 3HayeHHH ¢, WH’ KOTOpHIX ToUKa (xXj,. 
- xi +4,. Mt) AeCI (Ky, - -, X27, «- -,%n) D3 pf lal fe Oe Ipu- 
em |; Re omateaunce yenoe uucno uw OA; <1. 


Moxo lOKa3aTb, 4YTO Tipu A;< 1 B ONpeeneHHH HOpPMbI hie i) BMe- 
Pr 
, ¥ 
TO BTOPOH pasHocTu or mpousBoyHoH D;! f MOwKHO NocTaBuTb NepBylo pa3- 
OCTb; 9Ta HOBAA HOPMa JKBUBAJICHTHA BBeeCHHOH BBIILEe. 
' Teopema 1. /Tycmb o6aacmo D oepanuuvennan u s6ee3s0Has OMmHOCUMEeND- 
0 Hexomopot mouku. Ecau f (x) €Lp,(D) umeem no nepemernnoti x; o600wennole 
a = aoa 

pouseodnole nopadKa Ps IF? <0o, mo fEWp..p,.-p,(D), m.e.f (x) 


(D) 
B,., Py. ee 


ral 
looxem 6o1mbe annpokcumupoeana 6 Hopme %8,. p,” py(D) enadkumu pynkyuaAmu. 


Q Teopema . 2. Ecau o6aacme D— Konernolti unu OecKoNe4Holll npAmo- 
20AbHbLL napaaaencnuned C peOpamu, napanseronoimu ocAm KOOpOuKam, mo 


vp 
yAKyun fé we pi...Pp Moocem Golmb npodoasKena c coxpanenuem Ouddepenyu- 
AbHolx ceoticme u Hopmol Ha ece Ey, (6 Cmblcae SKeU6AaNeEHMHOCMU HOPM). 


fl nl 
1 ese | 
IlpeaqnonoxuM, 4TO x; = ~ (1 — > ak oR : 7) > 0. Tora cnpaBez- 
Z j=] 


MBbI CJlefyioulue TeopeMut: 
Teopema 3. JTycme f Eso" p, 6?) Toe20a: 


Po Pe 
1 
Dicer €, = h— ey = a - %iV; > 0, mo f(x) akeueanenmuna nenpe- 
jay “FE i=1 


S6HOlL, Ouddepenuupyemoti @ D dyxkyuu u 


4 2 
—— © “w#— UK; 


[DEDES DEAE (AL wy # "OF UE uty 


| n n s 


/2) Ecau 2=1—-}o>—- ytd x; > 9, T Za 


{ 
f= 0,1,...n), mo 
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1 s 1 1 
poi Pepe) gaat 
| DEDY... YF. ww.) < ne flew | 5 


n 1 n : s | 

3) Ecau Gi pie (i= 0,1 jap a Wess yD HV Da 

i j=1 j= 

ent) erie : 

We jh Bay B yh U | | 

! DyiDx + - r Deh, (Ds XS C (VFI jx h* a Sale oe +) i I ad 
P1-- 


30ecb h > 0 — npouseonbnoe 4Uucno, yooeseméeopsiowee ycaoeuto h < HE 
= ming” ig , Ds — ceuenue D a Xsiq = CONS, 4.34% == COME 


PSStlccon n 


Teopema 4. ITycmo Le wr eo bake To20a: 
1) Ecau @, = —(1— ye Siam) 30, 0c an< mm, 
is jai" 
4 ‘ : : Ry — 2% Vj —&pXp 
| Ama Dry Di" f|< CH" one a 
perth e\ 
ay FIM ttn os ) 


2) Ecau By = ae —> 4-3 “jj + — Dy wy) > 0(R=1, 2,. 


~P; q 
j=10- — 
GeV 0, WS Oa tee ar<m, l<s<n, mo 
1/q 


. ADU Dear Galea 
\ Barc \ Dg eeyeb ee \ ee < 


~ 


1 
rt 
Po j=y f=1 q j 
C| | : 
> Vile ey L sD) 
Pp 


t eS: : | 
3dece Ninn (ty. > Xa) = Dy (EN eae a) ee 
7=0 
ceuenue D. eunepnaockocmbio “x14 == CONSt, .. © %, =1COnst: 

Teopempt 3 4 4 OGo6mlaloT TeopeMbIl BOKeHUH, MOKasaHHble B (*| 


l 
Anasoruunble TeopeMbl Jia crygan mpocrpancrs C. JI. Codonepa Wp om | 
3aHbI B (‘). 


Teopema 5. JIycmo o62acme D Koneuna u mxoocecmeo gynkyut 
OepanuueHo 6 HOpMe Birt (D). Toeda: 

1) Ecau eoinoanexo ycaosue 1) uau 2) meopembt 3, mo MHOHCECK 
(Dea. Dh} fleanemcsn KOMNAKMHbIM CoomeemcmeeHHo 6 C uau Ly (Ds). 


2) Ecau eoinoaneno ycaoeue 1) unu 2) meopemot 4, npuuem on < Be, 
MHoswecmeo {Dy... De A6ANEMCA KOMNAKMHLM CoomeemcmeeHHo B nj \\ 
cmpancmeax Zigt ee oe) Pie (ERK) 

* Tloa Zig “ TIOHHMaeTCA MHORKECTBO (PYHKUH, UMeIOULNX HeMpepbIBHBIe Mp 
BOJHBIC D2 u, YHOBJETBOPAIOULHe YCNOBHIO vg Diu | < Ch‘, upuyem a, = a; + b 


0<e;< He OTo ycopve npu &,<1, Kak u3BecTHO, SKBUBANCHTHO ycnopui Tenbyepa. 
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53. Ilyctb D= En; Tora MoxKHO ONpesenuTh MpocrpaHcTBo Leis Kak 


ey 
aMBIKanHe MHOXKeCTBa TaMKHX *UHUTHLIX PyHKUN B HOpMe : 

; n n G0 1/P; 

) Hier, « = >| \ ax\ [ALD RO ao 

} Bec, 2, \\ ee 

t 4 1 1 : 1 
_ Teopema 6. Hycme Dak BE ee 2) fo SE ee a ee 
| a p y ré ( n)» % is ( =H p,l; Pr, vet r) ae 
>0. Toeda: 

iP { n { n . 

1 Beets eh LON 

F VERE. = ra (1 2 iil pal xvi) > 0, m > Br, mo 

f WA aDitok Dae [|<CH li be “tn E_): 

‘ n { n { Ss 

‘, 1 states | 

‘ 2) Ecau Be = 5.-(1 mil ie idee 

: vy Vn Bi. FB M4 Me 

, Dy.» DZTEL, S(Es), | Dy... D nly oF Ps cg. Hore < Cli | Ly..Ly (En) 
i : il . i 

3) Ecau 1— > — Dd nimi + LD) = 0, > pe> 1, mo 

pr j=1 L j=1 j=1 

B «oD... DinfeL (Es), |Da-..D%" flage,) SCIP, tela (Ey 

1 Pn mn 


| OTa TeopeMa — vacTHbI ctyuali Teopemp 4 um. 3) ae oe 3, OTKyfa 
Ma nojyuaetca mpu A = co. Teopempl 3, 4 u 6 TpHHATO Ha3bIBaTb «pAMbIMH 


OpeMaMH BJOwKeHHA». Ecaiu Bn. 2) Teopembl 6 py=...=Pra=p 4 G=P, 
(0 9Ta YacTb TeEOpeMbI MOxKeT ObITb OOpauiena. MMennHo: 
) TeopeMa 7. Il ycmo 3adanoluucnaap > 1, ln > 0 (R= 1,2,...,n), yeaole 
wcna s, n makue, umo U<s<n, u N_ pa3auunolx nocaedosameronocmer 
ompuyamenonolx yenvlx uucea vi) (j=s-+1,...,M;i=1,...,N). Hycme 
BLNOAHAIOMCA YCAOBUA 
4 n : n 
es 1 

-_= —= ! =) es SSS Y 
p= | yy L one ba 
4 fast j=sri / 


' Ha eunepnaockocmu E, npocmparcmea E, 3adanot N dynrKkyut 
* ly ls 


ee abt <P! (83) (G1, Qe wy: 
Torga cyuyecTByer dyHKunA @(x1...Xn)E Dea (En) makan, «no 
) 
(>) f 
DD a x€E, = 9, lel, “e Pe (Bt ) <cy Ie] , lie 
= - . Shag 
Lp (Es) 


Ormetum, uTO 93TAaA TeOPeMa CBOMHTCH K CBOCMY UYaCTHOMY CJlyUato 
=n—l. 
JleHuurpagckoe oTgemeHne Tloerynusto 
Marematuueckoro uuctutyta um. B. A. CreksioBa 21 VII 1960 
Akajemuun HayK CCCP 
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Jloxaagn Anagemun nayr CCCP 
1961. Tom 136, Ne 3 


MATEMATHKA 


M. K. KEPHMOB 


K TEOPHH PASPbIBHBIX BAPHAUHOHHBIX SAMAY 
C NOABYKHbBIMH KOHUAMH B IIPOCTPAHCTBE 


(ITpedcmaeaexo akademuxom A. A. Jopodxuyoinoim 12 VII 1960) 


TeopHa BapHalMOHHbIX 3ajay C SKCTPCMaJIAMM, MMeCIOULMMH TOUKH MepesoMa 
WH TOUKM paspbiBa NepBoro posa, HaXOAUT MHOFO TIpHAOKeHHH B TeXHUKe ('). § 
Hactosmad 3aMeTKa MOCBAIeHa HAXOMKJEHHIO HEOOXOMMBIX YCJIOBHH MAHHMyMa 
JIA Pa3PbIBHbIX BapHallMOHHHIX 3aad C NOMBYXKHbIMH KOHWaMH B MpOocTpaH- 
CTBe MHOrUX H3MepeHHit. 

B oranune OT I pyruxX THMOB 3ayad, MO CyleCTBy HelpepbIBHLIX, HO HMer0- 
IHX JIOMAHbIe WJIM Pa3pbIBHbI€ IKCTPeMAH, 3eCb CaMa 3aJaua «paspbIBHa». F 
PasppiBuble 3aauH BO3HHKAIOT IPH HCCwIeOBaHHM BOJIHOBLIX IMpOWeccoB B 
cpemax CO CKayKOOOpa3HO H3MeHAIOMLMMHCA cCBOHCTBaMH (°). Teopua mv0- 
CKUX Pa3PHIBHBIX 3aay B HelapamMeTpwyecKOM Bue Oblna pasBuTa B (°). | 

1. TlyeTb (x, yy, Yo). +-+,Yn) =(%, y) —TouKa (n-+ 1)-MepHoro SBKJMJO- 
Ba mpoctpanctsa E”*'. B E"t! nana o6nactb R c rpanunei S. I[lycrb 
BHyTpH R pacnonowKeHa HEKOTOpaN JOMaHaA KpHBaH Fy, COCTORMaA U3 
ay? Ey WH Epo. Kpnpan Eyo. pescTapneHa ypaBHeHHAMU 


/ Yh), | HS a, 
Yi (x), Lhe <4) 


- “+ 
rye y;(x) uy; (x) OMHO3HaUHbI HM HMeIOT HeMpepbIBHbIe TepBbIe MpOHs3BOL- Ff 
uble. Ilycrb Ey 9. MepeceKkaeTCH COOTBeETCTBEHHO B TOUKax 1,0,2 n-MepHBI- 
MH MHorooOpasusmu Mt, M°, M?, npuyuem pyra Ey) He KacaTembHa kK M! | 
vu M° 8 touxax | u O, a Ayra Ey. He KacaTembHa K M° wu M? B TOUKaX 
Ou 2. IIlpeqnonoxum, uro Mt, M°, M? panbl ypaBHeHuamu 


MP: 4 = X* (04, 009,... On) Se x(a), 7 nyt (01, Oo, - ., Xn) == (Os 
MO: x = X°(B1, Bor +++, Be) = %°(B), Ye = Y? (Bis Bor. - -» Be) = y? (8), 
MPa) x XPV Yard ces Va) Se) Yea aye ia) be Os 


re «,8, Y mpoOeraior orpaHHueHHble H 3aMKHYTbIe MHOxKecTBa Tz, Tp, Ty, | 
a dynkunn x(x), yt (a), x°(B), y2(B), x? (7), y2(Y) mpHHaqnexaT Kaaccy 


C® mis a ET a, BETs, YET, wu TouKam 1,0,2 KpuBol Ey9, COOTBeETCTBYIOT 
SHaneHHA Gp = 0, B,=— 0, ve = 0. (hal, 2)..egny Mycra Vie ae 
He llepecekaloT caMH ceOA H pyr Apyra, a Takeke peryJApHE! ANA aET a, | 
867s, Y€T,; M* pacnonoxeno mesee, a M? npasee M°. Uepes R™ + S™ 
u R*-+ S* o6osnauuM smeBylo M MpaByto Moso6mactu, Ha KoTopple M° penuT 
R-- S, npuyem S” u S* umeior oOmyio vacTtb Baonb M°, 

PaccmoTpuM (byHKIHI0 


as (xs) Yi, Yos+++sYnyP1,P2.-++s pay 
FG y, N= F Ge yipus, 


OF gs (X,Y1,Yo, --eYnsP1) Pe BPG 
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Frec™ gaa (x, y)ER- +S, —02<p<+oo; 
Reco) jas (x,y) €R*+-S*). Soom p< + oo, 


duaue rosopa, dyHkuna F (x,y, p) npnnanexut knaccy C” gana pcex 
é, y)ER+S,—co< p< +o, 3a HCKsIO“eHHeM TOUeK MHorooOpasua M°, 
} KOTOPbIX OHA MpeTepleBaeT pa3spbiB MepBoro popa. 

Yepes G o603HayuM MHOxeCTBO (byHKuMH y;(x), yOBNeTBOpsAIONHX 
CNOBUAM: a) y;(X) HempepbIBHBI; 6) KpuBEIe Cy, H306paxKaemble 3THMH 
YHKUMAMH, JlexKaT BHyYTpH R un cOcTOAT H3 KOHeWHOTO uNCa perysaApHBIX 
yr; B) Kamwklad KpuBas Cy. OMHOKpaTHO fepecekaer Muoroo6pa- 
ua M’*, M°, M?, mpuuem na M° ona uMeeT yraoByw TOUKy. 

_ PopMyauposka 3safauu. Jana nexomopan Kpueaa Ey2€G Cc ye- 
ogolt mouxou 0. Tpedyemca natimu ycaosun, Komopoim OoascHa ydoesre- 
neopsmo Ejo., “mobo dynKyuonan 


x°() : x() 
; Jyy=\ Pi yy)det+ \ Fx yy)de, (1) 


x1(a) (8) 


ox gynkuyul G. ' 

' 2. HeoOxonumoe ycuosue I (ycnosne Sinepa). za mozo umobot 
g102 6G peaausoeana muxnumym dbyHkuonana J, HeoOxodumo, “mobo Oyeu 
410 U Eng yOoenemeopAAU YypaeHeHUuAmM Dlinepa @ uNMeepanbHoli opme. 

_ Ha ayrax Ey) u Eo. KpuBoit Eyo,.€G, yhopnerBopstmux ycnopuio I, 
TipaBefJIMBbI ypaBHeHHA Diinepa B udepenuvambHol cbopMe, a B yrJOBbIX 
OuKaxX (eCM OHH CYUIeECTBYIOT) JOKHBI BbINOMHATHCA ycnoBua Beiep- 
iTpacca — SpymMauua. Ecru phomb Ayr Ey HX Epp UMeeT MecTO 


2 ee a ae (2) 
J 


YU; 


| 
panacea 60016 E92, UMEA OMHOCUMEALHOLL MUNUMYM @ KAaCCe Oonycmu- 


= 1 coorsercrpyer Ayre Fy), a R= 2—fyre Eos), TO Ha Exo UW Ege cnpa- 

leIMBbI TaKKe ypaBHeHHA Diinepa B pasBepHyTOH opme. 

- Tyra Ey) (unum Eos) v3 Kaacca C”, Baomb KoTOpol cnpaBennuBo pa3- 

lepHyToe ypaBHeHve Oiimepa, HasbIBaeTCA 9KCTpeMasbHOH Ayrok. 
MoxHO MOCTpOHTbh OMHONapaMeTpuyecKOe CeEMeHCTBO JOMYCTHMbIX KPHBbIX 


¥ 


Boca CEO PO<*<#0, 


< (fea'Thg! (3) 


yi (Xx, @), PONON SX? (a), 


— + 
olepxKatiee KpHBy!IO Eyo. pH a=O, Npuyem dynkunn y;(x,a@) uy (x, a) 
(OBJETBOPAIOT NepBHYHbIM YCJIOBHAM IJ KOHILOB 


| x=X(a)=x1 [aa], ylx@,a]= yi la@, 


| eer @M=@), yi’ @a=yB@l= qi [x°(a),a], (4) 


r=P@=H(1@), yl2@,al= yr). 
Buonb KpuBEx (3) dyHKunonan J mpespaulaerca B yHKuuIO J (a), 


J" (0) = 9, (5) 
mM Ey. peanusyer MHHuMyM :byHKunoHana J. 3 papencrpa (5) nomyunm 
DKNECTBA OTHOCHTeNbHO pudbepenunanos dap, Br, Ayr (R=1,2,...,n): 
(F!— yixFt,) dx! + Fi, dy!= 0, (6) 
Y; f 


043. 


+ Hy ; 
(F2— yi Fide? + Fy, dyi=0, (7) 


= ats 


Heo6xonmumoe ycuosue I’. Ana moeo umobu Kpuean Ey.€G pea- 
nu3z06ana MunUMYyM dyHKuuoKana J, HeoOxoduMO, umobel 6 mouxax 1, 2 u 
0 6bLNOAHAAUCK COOMBEMCMBEHHO NepeurHole yCAOEUA mpanceepcanoHocmu (6), 
(7) u nepeuunoe ycaoeue paspelea (8). 

Heo6xogumoe ycanosue II (ycnopne Beliepmrpacca): 


E(x yy Y')>0 
(k = 1 coomeemcmeyem Oyze Ey), a k = 2— dyee Evo). 

Heo6xomumoe ycuosine III (ycnopue Jlexangpa): 
as (x,y, y’) mej SO (6, f =I, 2, -.. 2) 

(k = 1 coomeemcmeyem Oyze Ey, ak=2—dyze Evo). 

3. Kpusant Eyo2€G c ayramMu Ey) u Eog U3 Kslacca C®), Bron KOTOPbIX 
YNOBJICTEOPAIOTCA ypaBHeHHa Diiepa B pasBepHyTOH dopme, a B TouKe 0 
BbITOJIHAeCTCA Ne€PBHYYHOe YCJIOBHe paspbIBa, Ha3bIBaeTCH JIOMAHOH 9KCT- 
peMaJbio @yHkunouana J. Ecau, Kpome Toro, BbInosHAeTcA ycloBHe (2), 
TO Ejyoo Ha3bIBAeTCH HEOCOOOH NOMAHOH BKCTPeMAaJbW. 

Kpusant Fyo2, peasu3ylollad MHHMMyM (PyHKUvOuasa J, ABAAeTCA JIOMa- 
HOM 9KCTPeMaJIbIO. 

Teopema |. Ecau: 1) @ mouxe | muHoeoo6pasua M', @ Komopoti oHa | 
nepecexaemca C Heocoboli AOMAaHOLL aKCMpemarot0 Ey, YOOBAeEMBeOpAeMCA YCAO- 
gue (6); 2) Eyog 6 moukax 1 u 0 ne Kacaemca M! u M° (ycaoeue HneKacamedo- 
Hocmu), mo cyUjecmeyem N-napamem puUeCKOe CEMELICMBO AOMAHOLX aKCMpemanett 


UO, SU AK 20 Oo en 
Za, 8) es (20a), Po) ee (8), ; ; (9) 
Yyi(X,%), x°(B)S¥QH* (7), 


MpanceepcanbHo nepeceKaroiyeeca mHoeocobpasuem M}* @ oKkpecmxHocmu mo4uKu | 
1 u o6nadaruwee ceoticmeamu: a) cemeticmeo (9) codepxcum Ey. npu a= 0; 


6) dynkyuu y:(x,a), yi (x,%) u Ux nepeole u emopele npousecdHEle no x | 
uMmeiom Henpepolenble “acmHoble NpouseodNele OO BMOpoeo nopsxOKA @ mouKax 
(x, a), neocauux 6 HeKOMOpPOLi OKPeCmMNOcMU COoMeemcmeytoLUX mo4ueK OAR 
Ey) u Ey; B) onpedeaumero 


A (x, &) «€: ee) Yin (x, &) |) OARNOneIaE 
A(X, %) = | Yia,(x,%)| Ona Oyeu Eye 


moxcdecméeHHo He pager HyAIO GOON Exo. 

JI JoKasaTebcTBa HYKHO CHaYasla MOCTpOHTb n-MapamMeTpHyeckoe ce- 
MeHCTBO SKCTpeMaJleH, TpaHcBepcasIbHbIX K MHOrooépasuio MM? ((4), ctp. 90). | 
Jlanee ucnoub3yx ycuIOBHe pasppiBa B TOUKe OU, MI MOXKEM MOCTpOHTS O- | 
TIOJIHHTCJIbHOe ceMeliCTBO, KOTOpoe BMecTe C NepBbIM OOpasyeT HCKOMOE Ce- | 
MCHCTBO JIOMaHbIX 9KCTpemMaviell. 

Onpexenenue POKaAbHOM TOUKH. TouKH Ha sOMaHOl 9KcTpe- | 
MaJIM Ey 9, KOTOpblIe COOTBeETCTBYIOT HyJAM oONpegenuTetn A(x,a), OydeM | 
Ha3bIBaTb POKANbHBIMH TOUKAMM MHOTrOOOpa3sHaA M! Ha Ej, al 
KPaTHOCTb STOFO HYA—KpaTHOCTbIO MoOKaMbHOH TOUKH. Axnauo- | 
PHYHO ONpewesatoTCH ChOKaJIbHbIe TOUKH Aan M?. 

4. HeoOxogumoe ycnosne Ako6u B TepMuHaX (bOKabHBIX TOUeK MBI JO- | 
KaSbIBaeM TIpH MOMOLIM TeopeMbI 06 orHOaiouleli. Jia 9Toro BBeyem B (9) 
D44 


k, i=, 25. yy (10 


HekOTOpble PyHKUHH %, (f), is KoTOppIx a,(0)=0. Torga bl nojyunM 
OMHOMApaMeTpHyeCKOe CeMEHCTBO JIOMAHbIX 3KCTpeMauleli 


I 


Y: a ee OLY. 
Re ge x (ft) x <x (t) (11) 


yi(x,t), 29(s)<x<x*(0), 


Yi = yi ([X, a (E)] 


comepxKamee Ey). upH f= 0 HM TpaHcBepcabHO Tepecekatonlee MHOrOOOpasue 
M?*. Cemeficrso (11) mMoxer uMmetb orn6aromlyio D, kKacatomlywoca ¢ Kaxnoli 
KpHBOH ceMelictsa (11) npn x = x(t). Torfa ypapyenua oruOatomei 3ann- 
IUYTCA Tak: 


weevil), yiix etl = Vi). (12) 


Odo6mlai COOTBeETCTBYIOULyIo TeOpeMy ii 3aay c riayKuMH SKCTpeManaMu 
(4), crp. 35), MOxXHO JOKa3aTb cCuJIeMyIOULly!o Teopemy: 

Teopema 2. Ilycmb mouka 3 sennemca oKkanoxoli mouKoil mnoeo06- 
pasusn M* xa neocoboti aomanoti akcmpemaau Ey 2, npuuem @ mouKe 3 npo- 
useodnan onpedenumean A(x,a) no x omauuHa om nyaa. Toeda cywecmeyem 
odnonapamempuueckoe cemeticmeo AOMANBLX aKCmpemanew (11), mpaxceepcare- 
Hoe K mHOeoobpa3sutio M?', codepoaujee Exo. npu t=O u umetowee oeubarw- 
wyio D, Komopan Kacaemca Ey. 6 mouke 3. PynKyuu Y;, Yix u x(t) umerom 
Henpepolenole NpouseoOHble 6 OKpecmHocmu sHaueHuli x,t, OMHOCAWUXCA K 
Oyeam Ey, u Ego. 

@®yuKunn ap(t), Br(t), Yr (t) (k= 1,2,...,) onpefenstor Ha MHOrooOpa- 
suax M+, M°®, M? xpwuspe Li, L®, L?, npoxofamne, cooTBercTBeHHo, 
yepe3 Touku 1, 0, 2, npHyem 2THM TOUKaM cooTBeTcTByer ¢=0. Bo3bMem 
mat srounn 3 uv 5, Ha L°—TouKu.0, u 0, w na. lL?—Touxg 4 nH 6, xko- 
TOPbIM COOTBeTcTByIOT 3HayeHua ¢,< fy. Ecmu Ego4 HU E50,5 — Be JIOMaHble 
9KCTPeMaJIH, COeMHAIOWHe yKa3aHHble B MHJeKcaxX TOUKH KpHBbIxX L}, L?, 
L?,.TO MOXKHO OKa3aTb, TO 3HaYeHHA HHTerpana J Bob 3THX JIOMAHbIX 
9KCTpeMaJIei CBA3aHbI COOTHOIWeHHeEM 


J (E 5026) yl, (E 30,4) ae ak (Lis) ed J (Ls), ; (13) 
rie Jy = \ [Fras + (dy; — y;dx) ae } (k = 1 cootBetctByer oOnacTH R, a 


k = 2—o6nacru R*), aBasioTcs HHBapHaHTHbIMH UHTerpayjiamn Tuuapdepra 
JH Pa3pHIBHOH BapvalHOHHOH safaun. 

TeopeMa 06 orun6awmeh AIA paspHBHOH 3afauHn. Ecau 
oeubaiyan D odxonapamempuueckoeo cemeticmea akcmpemaneu (11) umeem 
eeméb, npoekKmupyrowytoca Hasad om ee mouUKU Nepece“eHuA 0 C 9IKCMpemMaNbIO 
Ejo2; mo Onn atoboti mouxku 4 na D, npediwecmeyroujeu mouKe 6 uw neoca- 
we ebauzu nee, Kpuean Es.4-+ Dag + Eco 16anemca Oonycmumot u 


J (E300 + Dae + Eo2) = J (E192) (14) 


Heo6xogumoe ycnosue IV (ycnosue Koon). Ana moezo «mobot 
Heocobaa aKkcmpemanb Ey, Umerlan eduNCcmeeHHy!0 Yyenosyto mouky O, pea- 
ausosana munumym ynKyuonana J, HeoOxoduUmo, “moObL merKOY moxukKamu 
1 wu 2 Ha Ey, omcymcmeosaau gokaacnole mouku mxoeoodpasud M* u M?. 

So yIBepxKeHNe JOKasbIBaeTCA IIpH WSBECTHBIX OrpaHwueHHAax. YcuoBue 
KOON MOXKHO JOKa3aTb 6e3 TUX OrpaHHyeHHii (IA MOcKoro Cyry4¥aa CM. (°)). 


Tlocrymusio 
11 VII 1960 


BpMHCHTeIbHbI ~=WeHTp 
Axagemuu Hayk CCCP 
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Jloxnanp Ankagemun nayx CCCP 
1961. Tom 136, Ne 3 


MATEMATHKA 
C. H. MOXO)KAEB 


AHAJIOF METOJA WIMHMATA [JIA HEJIMHEMHOrO YPABHEHHA 
(Ipedcmacaeno akademuxom M. A. Jlaspenmeecoim 22 VIII 1960) 


Mero UImugra () n03BojIseT CBOJHTb pellenne JIMHEHHBIX HHTerpaJIbHbIX 
ypaBHeHH K pelleHHIO TaKHX 2Ke ypaBHeHult C PUKCHPOBAHHEIM BbIPOXKLEHHbIM 
sIpoM. MoxkKHO MpelIOKUTh HEKOTOPHIM aHaNOr STOTO MeTOMa H [IA HeJIMHEHHBIX 
ypaBHenul, Tem CaMbIM BONPOCbI CylleCTBOBaHHA HM €AMHCTBEHHOCTH pelleHHs | 
HeIHHeHHOM 3aauv CBOAATCA K HCCeOBaHHIO HEKOTOPOH CHCTeMbI KOHC4HBIX 
ypaBHeHHli. Bo3MOxXHOCTb IIPHMeHEHHA 3TOTO MeTOZa CBA3aHa C NOJyYeHHeM | 
HEKOTOPbIX AIPpHOPHBIX OIeCHOK. 

B HacrosmeH 3aMeTKe MbI Tl0KaxKeM 9TO Ha IIpHMepe ypaBHeHHA 


u(P) = \\K(P, Q)u?(Q)dQ + p(P), (1) 
D 


BOSHUKalolero B KpaeBoli 3ajaue 
Au 4 u? Ss 0, ues (3)) (2) 


rye [ —rpaHuua JByMepHoH orpaHHyeHHOH OOnacTH D, jwiA KOTOpOH cy- 
mecTByer dyHkuusa [puna K (P,Q) 3agaum JIupuxne. Sanaua (2) paccmar- 
puBaerca B Ks#acce ynKuuli C”. Ha yuKuuio f(s) HakmagprBaeTca enuH- 
CTBEHHOe YCJIOBHE HelpepbIBHOCTH. 

Byfer WoKa3aHo, 4TO AIA WaHHon oOnacTH D u dyuKunu f(s) 97a 3a- | 
yaya CBOJHTCH K HeEKOTOPOMY HeJHHEHHOMY MHTerpasbHOMy YypaBHeHHIO C 
(PHKCHPOBaHHBIM BbIPOMKJCHHbIM AApOM. 

JIemmMa 1. J/ycme Oaxwa gdynkyua v(P), o6aadatwan Henpepolenoimu 
nepéeolmu npoussodnumu @ D+-T u nenpepolenoimu emopolmu npouséeodHolmu | 
6 D, Komopasn ecrody noaoscumenona 6 D u v|p=O0. Toeda dan atboeo 
pewenusa U(P) Kpaeeoti sadauu (2) umeem mecmo nepasercmeo 


e 


\\0(@) u2(Q) dQ. < AB, 3) 
20e 


2 = SIS SSR a0 + SIS aa 4 ace 


UV, — Npouseoonan yHKYUU V NO BHeUNeli HOPMAALL Vv. 
OTa oleHKa Moulyyaetcs! 13 mopMysbt Vpuva Aaa cyHKunii v(P) um pe-| 


menus U (P) kpaepolt 3aqaun (2). Ouenky (3) MoxHO MOyUHTb HM HenO- 
CpeCTBeHHO H3 ypaBHeHua (1). 


AcHO, 4YTO CylecTByOT PyHkuuH v(P), Waa KoTOpHIX BemuyMHa A, KO- 
HeuHa. Hanpumep, B KayecTBe dbyHKuuW v(P) MOXKHO B3ATb HepBylo co6- 
CTBeHHYW (yHKUHIO KpaeBoh sayauu 


Ag -+- Ag =0;  @ijpaes0e (4) } 


Jlemma 2. Jan aw6oeo pewenun U(P) unmeeparonoeo ypasHenus (1) 
umeem MeCTO O4eNKa 


max LORPy eG, oe a (5) 


546 


20e Cy— noropeumeavnoli Kopend ypaenenua: 
x? = By (x + a)?, 


57 kK? (P, Q) 
Bo= Az a \\ (0) dO) Ge max | f (s) |. 


HokasareapcetTso. M3 nuterpanpuoro ypapnenusa (1) 1 ouenku (3) 
cyleqyer 


MP) =¥(P) <A. [\\ gag). 
D 


Tenepb, CHOBa HcHOub3yH WHTerpasbHoe ypaBHenne (1), nmowyuaem: 
DELO (2) ES Ce, 


orciogia cletyeT TpeOyeman o1leHKa (5). 
_ PaccmoTpHM Tenepb Bomlpoc o6 OTbICKaHuH BCex pellenuii KpaeBolt 
saan (2), 4TO PaBHOCHJIbHO OTBICKaHHIO BCeX peleHHii MHTerpasbHOro 
ypasuyenus (1). 
IIpeycrasum sagpo K (P, Q) wutTerpambHoro ypapHenua (1) B Bue 
CyMMBI JByX sjlep: 
KAP, O)i== MM, (P, Q) H.(, (aye (6) 


<1 Pn (P) Pp (Q) 
TERETE RD erg rene aa® 
k=1 


M @r(P), Ax—cOOcTBeHHbIe (byHKUMH UH COOCTBeHHbIe 3Ha¥eHHA KpaeBolt 
Bajaun (4). 
TlonoxuM 


rye 


tn = max\\|Pa(P, Q)| dQ. 
D 


Teopema. Cywecmeytom Homep n u Heaunetinolli onepamop P [V (P)} 
makue, umo ece pewenun U (P) unmeepanoxoeo ypasnenus (1) npedcmaeumot 
3 eude 

U(P)=V(P)+ RIV(P)Il, 


20e V (P)—pewenue unmeepanoHoeo ypaeHeHun C PuKCUpOBANHolM eoLpoHCOeH- 
Hoim 20pom M,(P, Q): 


V(P)= \\ Ma(P, QV (Q + RIV (QI? AQ, (7) 
JOoeremeopstowee ii 
ta max |V (P)| <4. (8) 
TlokasaTeapctBo. Ypasnenne (1) paBHOCHJIbHO, CHcTeMe ypaBHeHul 
V(P) = \\ Ma(P, Q)(V(Q + W(Q))PdQ +p (P); (9) 
p 
W(P)=\\ra(P, QV (Q) + W (Q))*4Q. (10) 


D 

PaccMorpuM oTebHO ypaBHeHue (10) npx duKcupopanHom n. Ilycrp 
laa HempepprBnan dyuKuua V(Q), ygosserBopsiomas ycuoBuio (8). Torga 
papncuuve (10) umeer HempeppiBHoe pemenne W(P), KoTOpoe HaxoguTcs 
(eTOMOM TOcseLOBaTeJIbHBIX NpHOsMxeHUuH ITuKapa MO CxeMe 


W (P) = lim W;(P), 


rye 
Wa(P)=\\Pa(P, QV (Q)+ Was (QQ (=23...), (1) 


,(P) =\\PaP, QV? (Q)aQ. 


D 


pu 3TOM peleHue W(P) yqoBMeTBOpAeT HepaBeHCTBy 
\W (P)|<z-49—-6, rae q=1—V1—40tq, b= max|V(P)|. 


MaxkcuMawibHoe oTKOHeHHe CyHKuHH W,(P), nonyyaemoh Ha k-M ware 
pu pelleHuu ypaBpHenusa (11), or TouHoro pemenua W (P) He npeBocxoxuT 
BeJIMUHMHBI: 


[Wa (P)— WP) <g> (Fab) (Q— tab) (= 1s 2 8, --). 


CnenopaTembuo, ypasnenue (10) npn ycnopau (8) onyckaer npeqcrasue- | 
Hue pemenus W(P) uepes dynHkunio V(P) B suze W(P)=RIV(P)], rae | 
onepatop R{V] gaetcs dopmMymamu 


RIV (P)] = lim Rul (P)] 
RiV (PY =\\ Pa (P, Q1) (VQ) +) Pa Qi, Qe) (V (Qa) + - 
D 


"D 
-+\\Pu (Qa, Qu) V* (Qu) 4Qn): 


| D 
B kaacce @yuHkuni W(P), yoBneTBopalIoulux yCJOBHIO 


2ramax|V(P)-+W(P)|<1, (12) 


pelleHHe ypaBHeHusa (10) equHcTBeHHO. 
PaccMOTpHM Tellepb COBMeCTHO cHcTeMy ypaBHeHHit (9), (10). Ana ato6nix | 

asyx dyHkunh V(P) u W(P), yqoBneTBOpAIOWIHX STO CHCTeMe, HMeIOT 

MeCTO alIPHOPHble OleHKH | 


max (V(P)|< My, max|V(P) + M(P)|< Mb. (13) 


..-) dQ, eg hoe 


Hanpumep, B cuay semMpl 2 B KayectBe M, u Ms, MoxHO B3ATb YUCHA 
My = (Cy -+a)*max| S\\K2(P, Q)dQ |" +a, Mz =Co-+a, 
D 
rye S —nuomayb oOnactu D. 

B cuay alpwopuptx oueHox (13) yrBep»xqeHHe TeopeMbI clefyeT U3 TOrO, 
uTO Yn—>O pH n—->oco 4 cipaBeqmuBO ANA BCAKOTO n>, rae 
%) = max {My, Ng}, MpHyem ny H Ny BHlOpaHE! us ycnoBuH 472M, <1, 
272M, <1. 

Cueqctaue. Uneno pemenuli xpaesol saqagu (2) onpegenserca | 
4MCJIOM pPelieHHM ypaBHeHusa (7), yAOBMeTBOpsAIONLMX ycuOBMIO (8). | 

3ameuanue. Onepatop R[V] 3sasucur or Homepa n u max|R[V(P)]|0 | 

D 


Apu m—>oco Ad PuKcupoBaHHOH dyHKunu V (P). 
B sakoueHHe BbIpakalo ryOokyio GnarogapHoctTs JI. B. OscaHHukoBy 6 


3a I@HHbIe 3aMeuaHHaA. i 

[ 
Mucrutyt rujpoqunamuku Ilocrynuno 

Cu6upceKoro orgenenua AKkayemun HayK CCCP 18 VIII 1960 ul 


[{UTHPOBAHHAA JIMTEPATYPA 
1E.Schmidt, Math. Ann., 64, 161 (1907). 
348 


Jlokxann Akafemun nayx CCCP 
1961. Tom 136, Ne 3 


MATEMATHKA 


A. fT. CHHAN 


PEOMESHYECKME MOTOKH HA KOMMAKTHDbIX 
NOBEPXHOCTAX OTPHUATEJIbHOH KPHBH3HbI 


(I]pedcmaeaeno axademuxom A. H. Koamoeopoewm 80 VIII 1960) 


B pa6ote 2. Xonda (°) qoKa3ana SprowMuHOCTh J[MHaMMYeECKOH CHCTeMBI, 

| MOpoxkjeHHOH TeOR€3M4ECKUM NOTOKOM B NpocTpaHcTBe JIMHCHHbIX JJIEMCHTOB 

7 KOMMaKTHOH ABYMepHOH NoBepXHOCTH OTpHUaTesbHO KpuBH3HBI. B Hactos- 

ule paOoTe MeTOJamMu, aHasOrH4yHbIMH NpHMeHeHHBIM B (4), uccHemyeTcs 
, CneKTp H XapaKkTep NepeMellvBaHWA STO JHHAMHYECKOM CHCTeMHI. 

§ 1. Ilyctp es BHYTPeCHHOCTb eAHHMYHOFO Kpyfa, TJIOCKOCTH Z = X, + ixe, 

CHaOMKeHHAA PHMAHOBOH MeTPHKOii,. 
axe dx? 
iS eee? (Xie sg ey (1) 


(ae 


IIpegnonomum, ito: 1) yHKunA A(x,, x2) Audbepenunpyema 10 pas; 
2) cyllecTByIOT NOMOMKUTeIbHbIe MOcTOAHHbIe a, b, a<b, TaKkue, TO 
AL)‘ (xXy, X2) <0; 3) rayccopa KpuBu3na K (x1, x2), ONpemeAeMaA MeETPHKOR 
(1), orpwuatenbHa, uM CyllecTByIOT NosOmKUTeNbHbIe NOcTOAHHbIe C, d, c pd, 
‘Takue, uTo—c< K (x1, %2)<—d. YTeoyesuueckue smuHuu moBepxXHOCTH L 
OH3KH MO CBOMM CBOMCTBaM K TIpxmbIM myiocKocTH JloOayescxoro (°, *). 
Tak, WMeeT CMBIC) MOHATHE feoOse3H4eCKOH, MOMOKUTeNMbHO aCHMMTOTH- 
yeCKOH K JaHHOM HW MpoxoyAallel uepe3 BLIOpaHHyto TOUKy (cM., HalpHmep,(®)). 

Ilyctp [ — quckpetHan nosrpynna rpynnbl 7poOHO-mMHeHHbIxX mpeodpa- 
-30BaHHH MJIOCKOCTH Z, NepeBOAAWUX eCAHHHUHEI Kpyr B ceOs. Hac Oyyet 
/HHTepecOBaTb TOMbKO TOT cJlyyali, Korga TL oOnayaeT KOMNaKTHOH yHya- 
MeHTaJIbHOH OOslacTbIO (B CMBICIe paccTOAHuH B MocKocTH JloOayescKoro). 
Ecnu 4 (x1, %2) WHBAapwaHTHa OTHOCHTe/IbHO Bcex YET, TO UuAeHTHpUKAUMA 
TOYeK, MepexO_AMIMX ApPyr B Apyra nog AelicrBuem npeocOpasoBannh us I, 
‘IIPHBOAUT K HEKOTOPOMy KOMIaKTHOMYy JBYMepHOMYy PHMaHOBy MHOrooopa3Hio 
L orpuuatenbHol Kp¥BH3HbI. 

PaccmoTpy¥M tupoctpaucTBa M, M, oOpa30BaHHble 3 JIMH€HHbIX 9JIeEMeHTOB 
opepxHocten L, L cootsercrsenuo. B M u M MoxkuHo onpeyenutTb reoyesu- 


4eCKHH MOTOK {T'}, T. e. ofHonapamerpuueckylo rpynny mpeoOpasoBaHnun, 
Tye OTJeibHoe mpeoOpasoBanue T? cocTOHT B TOM, 4TO JIHHeEHHbIM 3JIeMeHT 
LEM (uau 16M) cypuraetcs no onpeseisemoi WM HallpaBJeHHOH reojesH- 
yecKOH Ha paccToaHHe ¢. B npocrpancTBax M u M cymecreyior meppi dy 
W dp, MHBapHaHTHble OTHOCHTeEbHO NOTOKAa {T"} (°). e 


§ 2. Opuuuksb HA MHOTOOOpa3sHAXx L, L. Opunuxnaamu na L 
OyfeM cuYHTaTb, NO aHasOrvH C IVJIOCKOCTbIO Jlo6auesckoro, OpTOroHaJIbHbIe 
TpaeKTOPHH K CeMeHCTBY MOMOXKHTEMbHO ACHMIITOTHYCCKUX TeOe3sHyecKHX. 


Crpoatca onM crezyiomum o6pasom*. Ilyctp /€M u z(t)—HocvTetb sMHeh- 
Horo auiementa Tl. 


: = Bnepsrie, HaCKOJIbKO HaM H3BeCTHO, OPHILHKJIbi Ha TIOBEp XHOCTAX nlepeMeHHOH OTpHia~- 
TeJIbHOH KPHBH3HbI CTPOHJIHCh B (ye Tam Ke yKa3aHbl HEKOTOPBIe CBOHCTBAa OPHUHKJIOB, O KO- 
“TOPbIX HeT peub HWKE. 
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[Ipopeylem reogesHuecKy!o0 OKpy2KHOCTb R; C IeHTPOM B z(t) paguyca f. 
[paHwuy 3aMbikaHus COBOKylHOcTH: ToUeK R;, Kora ¢ mpooeraer BCe 
3HaueHHA OT 0 WO co, HASOBEM OPHULHKJIOM, MOpORKJCHHbIM JIMHEHHbIM 9JIe- 
meutom /, w Oyyem oOo3HauaTp uepes A (/). Ecnau G,— nosoxKuterbHo 
ACHMITOTHY¥eCKad reojesuuecKkanh K TeojesHyeckoH G(/), ompeseneHHOH JM- 
HeliHbimM 3uiemMeHToM /, TO MHOxecTBO fH (/){|G, cocTOHT B TOUHOCTH 43 
omnolt trouku. Ecwu F — nogmuoxectso H (l), TO COBOKYNHOCTb JIMHeMHBIX 
3JIEMeCHTOB, HOCHTeJIM KOTOPHIX NpvHaexat F, a HalipaBJeHHA OpTOrOHaJb- 
ubl K H(l) uw ompeyensioT reojesHyecKHe, MOJOKUTEIbHO AaCHMITOTHUeCKHe 
x G(l), OyHeM Ha3bIBaTb IpHHaysekaulum F. 

OrmerHM cuJleqyrollve CBOHCTBa OPHIHKJIOB: 4] 

1. Opuuuka H (l'), nopoxteHHblt AHHeHHDIM SeMeHTOM 1’; npHHayexKa- 
mum opuunksy A (l), copnagaer c H(l). Us storo cBoticrsa caefyer, 4TO 
OPHUWKJ ABJIAeTCH OPTOFOHAJIbHOH TpaeKTOpHel K CeMeHCTBY MOJIOKUTeIbHO 
aCHMIITOTHYeCKHX TeosesH¥eCKHX. 

2. Ha mo6olt reome3suueckoli G,, NOJO*KUTebHO acuMUTOTHUeCKOH K G (I), 
opuuuksbt H (l) u H(T'l) serpesaior qyry Wann ft. 

3. Teoqesuueckan KpHBusHa opunnKksa. Jina Bpruucnenua reoyesnyeckon 
KPHBH3HbI % opHunKa H (1) B TOUKe Z HYKHO MpoBpecTH yepes z2 reojse3u- | 
yeckylo G,, NONOKUTebHO acHmMnToTHYecKylo K G(/), u paccmoTpeTb Ha 
G, ypapuenve x’-+ x2-+K =0. OrpanuuenHoe Ha Bee reogesuueckon G, 
pellieHHe 3TOrO ypaBHeHHA CYyMeCTByeT, CMMHCTBEHHO HM %(Z) eCTb reojesH- 
yecKasd KpHBH3Ha opnuuka H(l) B TouKe z. DyHKuNA %(Z) yOBMeTBOpAeT 


Hepapencraam Vd <x(z)<Ve. 
4, OpHHKsbI NO3BOAIOT BBeCTH B UpocrpancTse M cuemyroulyio cucTemy 


xoopquuar. Tlyctb 0 —npousBombHaa Touka L u lEM. Tora cyulectsyer 
TOJIbKO OjlHa reofesnyeckan G, IpOxofAMlaa yepes O HW NOMOKUTeMbHO ACHMII- 
toTHyeckan K G(L) (°). Uepes m o603HauHM yroul, KOTOpBIN TreosesHueckan 
G oOpasyeT c (HKCHPOBaHHbIM HalpaBseHvem BO. Jlanee BBeeM BeMUHHY 
S, PaBHYIO VIMHE OTPe3sKa TeofesuyuecKOH G Mey TOUKOH O u TOUKOL Nepe- 
ceueHua Gc H(l), B3aTy!0 CO 3HaKOM Toc, ecaH O JexKUT BHyTpH FH (I), 
“4 CO 3HaKOM MHHYC B JApyroM cJlyyae, WH BeJIMYMHY p, paBHylO JIMHe OTpe3ka 
opuunksa H (l) or nocutena / no Touku G [() H (l), B3aTyt0 co 3HaKOM TOC, | 
eCJIH MOBOpOT reoyesHueckoli G oKono ToukH G{)A(l) waa copmMemeHHa | 
c HocuTesiem / NpOvCXOAUT MpoTHB dacoBOH CTpemKH, H CO 3HaKOM MHHyc | 
B IIPOTHBONONOXKHOM cilydae. KoopauHatbl @, S, p OMpeseAIOT JMHeHHDIH | 


9JIEMeHT TlOBepxHoctTu L eqHHCTBeHHbIM OOpa3s0oM. VnBapnHaHTHas Mepa dp 


3anlMileTcH B STHX KOOPAMHaTaX cleqyIouHM OOpasom: du = f (q, s, p) dg ds dp, 
rie f[(,S,p)—HenpeppiBHad TosO*KHTeIbHaA dyHKuua. Ilpu stom ja 
mo6oro d>0O Halifetci Takai noctosHHaa a(d), YTO AIA BCeX JMHHeHHDIX 
QJIEMCHTOB, HOCHTeJIH KOTOPbIX YaJIeHbl OT TOUKH O Ha paccTOAHHe, He mpe- 
Bocxoyamee d, f (@,p,S) > a (d). 

5. JlerkO BUJeTh, UTO OPHUHKJIbI, NOCcTpOeHHble 10 AByM JMHeMHEIM 9ue- | 
mMeutam / nu l/’, KOHrpy9HTHbIM [pyr ~pyry oTHocutTembHO nogrpynnp T, 
KOHTPY9HTHbI OTHOCHTeIbHO I’. Tlostomy opHuuKsbI MOXKHO paccCMaTPHBaTb 
Kak JIMHHH Ha Nopepxuoctu L. 

§ 3. Uccneqopanve, mpoBoyuMoe HMxKe, OCHOBaHO Ha THOHATHH JMHaMn- | 
yeckOH cucTemMb! Kouimoroposa uM, uTO To xe, K-cuctempl (1,”,*). 

Teopema 1. Teodesuueckut nomox @ npocmpancmee M aunetinoix 9aae- 
mMenmoée noeepxHocmu L seasemca K-cucmemoiti. 

JoKxasateaperso. Iycth t=(l,, l.\—mHomKecTBO JMHEMHbIX 9JIEMeHTOB, | 
MpHnaiexkalnx Myre (2,22) opuuukia HA (l,) (uma H(l,)), z2:— HOCHTemb 
i,i= 1,2. Tog nelicrauem npeo6pasopanun T’ MHOxKeCTBO = Tepexo_uT 
B MHOXKeCTBO wt JHHEHHEIX 9TeMeHTOB, MpHHasexawlUux pyre (z;,,23)  OpH- | 
uukaa TH (l,) = H (TD). | 
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JlemMa |. II pedea 
lim lim — P (yy 2) 
2o>21 t=39 'F p (2, Zz.) , 


de p (Zi, 22) — Oauna ompesKka opuyuKaa H (T' L), cywecmeyem u pasen zeo- 
esuuecKkou KpueusHe *% OpuyuKaa H (l,).6@ mouKe 2,. 

Pesyaprat JI@MMBI TlOJyyaetTcs! C MOMOMIbIO dopmyab Taycca — Bouus, 
PHMCHEHHOM K YETLIPEXYPOJbHUKY, OFpaHH4veHHOMy OTPe3KaMH OPHILMKJIOB 
(21,2) M (2, 23) HreofeswueckUMU AyraMmu, COCAHHAIOULMMH 2, C 2; H Zo C Zs. 
3 JIEMMbI H HepaBenctTB (2) culeqyerT, UTO pH m060M TO 


exp (— Vidt) p (x1, 2) < <p (x1, x2) exp (— Ve typ (x3, x). (3) 


Hyctp reriepb R— nekotopan (tyHyaMentambuaa oOmactb nozrpynnp I, 
BbIOpaHHad B BUJe HESBKJINJOBA MHOFOYrOJIbHUKa C KOHeYHbIM YHCJIOM CTOPOH 

coflepxKallast BHYTpH ce6ai TOUKY 0 (cM. § 2, n. 4). PaccmotpuM MHo2Ke- 
TBO Dy HHeLiHBIX 9eMeHTOB TOBep XHOCTH ie KOOPAUHATLI KOTOPHIX YyAOB- 
eTBOPHIOT HepaBeHcTBam 


; 05S 2m, —a(l + o)<s<a(l+q), —B<p is, <B. 


a cueT BbIOopa a u B MOMKHO OOHTECH, TOOL! ASA Kak Oro LED, 4 
‘mo6oro HeTOMeCTBEHHOrO MpecOpasopanun 7 ET BpimomHsanocy Yl De, Lory 
IMHO*KecTBO Dy MOXKHO CUNTATh NOAMHOMRecTBOM M. 

i PaccMoTpHM u3MepHMoe pa3sOveHVe € MHOxKecTBa Dy, KarK[blii 3JIeMeHT 
KoTOporo gayaetcA (HKCHPOBaHHbIMH 3HaYeHHAMH KOOPAHHAT @ HU S HM CO- 
TOUT H3 JIMHeMHBIX aueMeHTOB /€ Do, I KOTOPHIX Q; = Q H S;=S. Tlyctb, 
Jlasiee, &’ — nu3MepHMoe pa30HeHHe MpoctpaHctBa MM, ae ¢ pasOne- 


i#MeM € Ha MHOxKecTBe Dy H BbIPORKMeHHOe Ha MHOMKecTBe M—D, (tT. e 
te’ te’ 

M — Do ecTb anement pa3s6uenua &’). Tlonoxum Co = lI PG eves nt T & ,rge 

i t<t [t{]<z 


t >B-+ 20a. 

_ JlemMa 2. Cywecmeyem uxeapuaHmnoe omnocumencoHo nomoKka Mee 
mxoacecmeo 2 M mepol HyAb’ makoe, umo Oea aunetinolx araemenma l,& M —Q 
uU 1,6€M—Q moeym npunadsercamb odHOMY aAemMeHmY paszbUuenUa C° moALKO 
2CAU OHU NpuHAadAenHamM OOHOMY UL mMomY de OpUuYyUKay. 

_ JoKa3atTenpeTBo semMbI 2 npoctoe Hu onyckaeTcs. 

c JlemMa 3. Mxoowecmeo asaemenmoe pasduenusn 6°, cocmonwux us oOHOL 
mouku, umeem mepy HyAv. Tloumu Kascdolii a2emenm pasbuexua C° cocmoum 
us AuHetHOLX anemenmoe LEM, npuxadaencauux KOHe4HOMY OMpesKYy HeKoO- 
‘mopoeo opuyUuKaa. 

_ Yxka2KeM OCHOBHBIE MOMeHTHI JOKa3aTesbcTBa JIemMMbl 3. IlycTb &, ecTb 
MHOXKECTBO JINHCHHbIX 3JIEMeHTOB pee C, Mepecekalouluxca Oomee veM 


: OMHMM 3seMeHTOM pa3Ouenua T “*C. Ha ocnopanun (2) u (3) aaa p (Be) 
MO2KHO TIOJYYHTb OMeHKYy u (Ex) <C,exp (—C,K), rae C, u C, — nonomu- 


'TeIbHbIe ocTOAHHBIe. [lockoupKy Dit (Bee oo, TO yTBepxKeHHe JICMMbI 
4 


/BbITeKaeT H3 TOO, YTO HOUTH Karkpplii geMeHT pasOMeHHA C NIpPHHaqexUT 

KOHEYHOMY UHCY MHOKeCTB Fp. 

Jlemma 4. Jas cucmemot pas6uenuii = Tt? cnpasedaueo coomnowenue 
co 

J [] ¢¢ =e mod0, 

] aie, 

}0e & — pasduenue npocmparcmea M na omoeAbHole mOo4XKU. 

|) TKokasareapctTso. Jlerko noka3aTb, 4TO CyllecTByet Takoe 4HCIO 

iL > 0, 4TO AIHHEI OTPe3KOB OPHUMKIOB, COCTABJIAIONINX 9JIEMeHTbI pasOueHnsa 

: He mpepocxogsat o. Torga Ha OCHOBaHHH JIeMMbI | JIMHbI OTPe3KOB Opu- 


© dol 


LUKJIOB, COCTABJIAIONIMX 3/IeMeHTb! pa3sOueHHA C', orpaHHueHbl NocTOAHHOH 


6 exp (— Va t). Tlostomy, ecuu sMHelinbie snementet J, u /, MexKaT IPH BCex 
t B OMHOM HM TOM 2Ke 92uIeMeHTe pa3OveHHa C', To paccTOAHHe Mey HX 
HOCHT@JIAMH PaBHO HYJO M, CJleQOBaTeJIbHO, OHM coBnafaloT. YTBepxpeHHe 
JIeMMbI culelyeT Tenlepb u3 Teopembl B. A. Poxmua o Oasucax ((*), crp. 123). 
Vitak, nonyyena cuctema pasOueunit C’, C' = 7'C°, oOnamaiomlan cilexyto- | 
muMu cBolictBamu: 1) C¢>> C4 modO npw ft > 4,4, 4ro cneqyer u3 NOcTpoenua, 
co 

u 2) |] ¢£=e mod0—cm. aemmy 4. [la oxonyanns oKasaTembcTBa TeopeMbl 


—oo 


os 
ocTaeTcs oKa3aTb, uTo (] C4 =v modQ, rye v—TpHBHatbHOoe pa3s0NeHHe, 
—co 
CHHCTBCHHBIM 3JIEMCHTOM KOTOPOrO ABIAeTCH BCe MpOCTPaHCcTBO. | 
Cnencteue. Junamuyeckas cucTeMa, NopoxKeHHan reoyesvyeckun | 
noTtoKom {7‘}, HMeeT CUeTHOKpaTHbIH sleOeroBCKHH cneKTp MH OOJlafaeT nepe- 
MelUHBaHHeM BcCex cTemeHel (cM. (°)). 
§ 4. C nomMoUIbIO ROKaA3aHHOH TeOpeMbl MORKHO NepeHecTH Ha paccMaTpH- 
BaeMbIii Clyuali OCHOBHOH pesysbTaT padotni (°). 
Teopema 2. [ycmo oepanuuennan Oelicmeumenonan dyxhkyua f 3adan- 
nan Ha M, yooeaemeopsem ycaceusnm: | 
1) cytwecmeyiom makue uucnaa a >0, e >0, &, >0, C, >0, C20, «mo 
npu ecex xX >O 3) 


' ( G i 
nfl: sup \ F(T) de — \ f(T) dr] > —h | <4, 
Iy:6(11l)<x' 8 : lO gets 76: Renny 


20e o(l,, 1) — paccmosnue 6 pumaxoeom npocmpaxucmee M; 
T 


2) Dr(f) = || F (TL) di i; du~cT, ede c>0: 
eae 


) 
3) dant mobo2e0 € >0 xnatidymca maxue N(e) u T(e), “mo npu ecex 
by lal) 


de 


1 ; f 2 
Dr (f) i \ [rr I) de J du <e. 
ft: [§ arta | >N(e) Vern 
0 
Toeda npu awb6om GuKcuposaHHom 8, — co <s< oo, 
Ti 
\_T')dt —Tf ‘ 


: . bile 4 / 2 
AMM TEGIEG <r (ya, 2 


20e | i (2) dw. 
M 


Moxkuo oka3aTb, uTO CyMleCTBy!OT MYHKILMH, YOBJeETBOPAIOMWHe BCeMiE 
TpeOOBaHHAM TeopemMbl 2. 


MockoscKhit rocyapcTBeHHbiii yHUBepcuTer Tlocrymuo 
uM. M. B. Jlomonocosa 23 VIII 1960 
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Joxnuaye Akagqemun nayx CCCP 
1961. Tom 136, Ni 3 


MATEMATHKA 


b. A. CYBBOTOBCKAS 


\ 
i 


O PEAJIM3SAUHM JIMHEWHbBIX ®YHKUMH SOPMYJIAMH 
B BASHCE V, &~ 


oties 


(ITpedcmaeaeno axademuxom A. H. Bepeom 20 VIII 1960) 


_ Byyem paccmatpusatb dopmysbr B Oasuce \/,& . Uncno sBxoxpenuli 
*CHMBOJIOB NepeMeHHEIX B dopmyse F OyfleM HasbiBaTh ee C TOXHOCTHIO H 
‘oGo3Ha4aTe yepes L(F), a uncuo minL(F), rae MuHuMym Gepetcs 0 BCeM 
@opmysam F, peanusyiomum f B Oasnce \/,& , yepe3 L(f). Ouepnano, Ha 
pisbike KOHTAKTHEIX cxem L/(/) ppeqcTaBineT coOOlH MHHMMaIbHOe YHCIO 
JKOHTAKTOB, JOcTaTOUHOe As peammsauun dbynKunY f NapasnenbHo-noc.teno- 
‘paTeabubiMn CXe€MaMit. 


© Wynkunio 6+ x,;+...+ x,(mod2) o6o3HayHmM cuMBOsOM fs. Kak moKa- 
sano C. B. A6noxncxum (1), 


rn — Qh 2 
L Fs) Q/an. 
B 9ToH 3aMeTKe OyjleT NMOKa3aHO, YTO 
n Pe 3 
; es ons 
‘Tie Cc — HeKOTOpaH KOHCTaHTA. 
| ins Joka3aTebcTBA PaCCMOTPHM HeKOTOPbIHi CMelHasbHblli Ksacc mop- 


1 


My B Oasvce & vy, 0,1. I[lycrp {X1) -++) Xi,-..} — MHOXKECTBO CHMBOJOB 
mepemenupix. Buipaxenusa 0, 1, 0, 1, x;, x; “i= 1,2,...) Ha30BeM ™-MopMy- 
maMu HM o- bopMysamu OmnoBpemennto. Tlyetp Fy,..., Fs —a4bopmy al 


(COOTBeTCTBeEHHO G-opMyvibl), Torga (Ff,V... VFs)Ha30Bem o-dopmy son 
(COOTBeETCTBEHHO (/'y&...&/) Ha30BeM sI- @opmynofi). Kgacc Bcex m-popmMyJ u 
‘spopmya oOo3HauHM CHMBOJIOM W. Ha3osem (bopmy.1y (FV. V Fay, (coors 
BETCTBCHHO (/,&...&/'s)) pacwlHPeHNeM KaxMOH us ee Nompopmyn F,;, 
‘KOTOpy!o OyfeM BCBOIO OYepelb HaSbIBATb KOMNOHEHTONM 9TOH POpMyVJbI. 
' QuepygHo, Kaxkaa KOMNOHeHTa Cama ecTb dbopmyua u3 W, 4, cue OBa- 
TebHO, BCAKAA KOMMOHeHTA, OTMYHaA OT dopmys Buga 0, O, |, 1, x;x4; cama 
e€CTb paclIHpeHHe CBOHX KOMMOHECHT. 

Tipe opmysp Fy u Fe, peasusyiollue OfHy H TY 2%Ke PYHKIUMIO, Ha30BeM 
OKBUBANeHTHEIMH (o6o3HauenHe F,~F,). J[pe 9KBHMBAJeHTHbIe op- 
MyJIbl, KaxKJad H3 KOTOPbIX TlosyyaeTcH W3 fpyroi MepecrTaHOBKOH KOMMO- 

CHT HeKOTOPbIX ee TOsopMys, MbI He Oyflem passM4gaTb. 
| OuepHgHo, As BeaKko hopmysb F B Oasuce V,&, MOMKHO yKa3aTb 9K- 
BUBasIeHTHY!O eli dopmyy Fy us W tTaxyto, uro L(F)=L(F;). Hanpumep, 
opmyse (((%1 V 2) & ¥3) &X4) CoorBercrByeT Gopmysa ((%1 V Xz) & Xs & X4) 
u3 W 

Jlia Mpov“sBouIBHOl d@opmynn F u3 W cumsosom L (F) Oyfem o6o3HauatTD 
| Kak H mpexye, WACO BXOKMeHHi NepeMeHHBIX B 


| Iyctb W — muorecrso dbopmya us W, He cofepxaulMx noxpopmys Buya 
| ee Oe 

) Jlema 1. Jaa ecaxoti dopmyan F, FEW, He akeueaneHmHou KoH- 
i cinanme, MOHCHO YKA3AMb aKeuEaNeHmHYIO ell PopMyAY F us W makyto, 4umo 
| ace (F) ti). 

, 003 


| 


Yrpepxkqenue JIEMMbI BBITeKae€T TPHBMAJIbUbIM OOpa30M H3 paBeHCTB 
OV «= x,.0 &e = 0,0 = 1, 1s Se eee a, 

Ilycth p— nogbopmyna Buga x° * dopmym F us W. Paccmorpum ee 
paciiMpeHHe (*poPyo...os) BF, re o O3HaNaeT VY HIM &. OyesBuywHO, pu 
HeKOTOPOM 3HaveHHH T BXOXKMeHHA TlepeMeHHOH xX Bp (T= 6, ECAH o ECTb 


Vv, HT=6, ecu - eCTh &) BHaveHHe POPMyVJbI (Tojo... oPs) HE 3aBHCHT 
OT BbIPaxKeHHA Q,o...0Qs. Hasopem T ONpefeTHOMNM 3HAYCHHEM 
3TOrO BXOKJeHHA NepeMenHoh x. PopMyJy, B KOTOPOM paciuMpenve KaxKOH 
noywopmyvibl Buga x7 (i= 1,2,...) He uMeeT Jpyrux BXxXOKTeHu NMepeMeH- 
HOW X;, Ha30BeEM HOPMAJbHOH. 

IIpumep. Mopmyaa ((x1 V ¥2) & (%1 V 0)) ABAMeTCA HOpMaJIbHOH, a Pop~ 
mysla (((X1 & X1) V %2) & Xg) HE ABJIAeETCH HOPMaJIbHOH. 

Sameuvaune. Ecan x°1m x*% — [Be pas MuHble NOMopMyJIbI HOpMaJIbHOL 
tbopmysibt F, TO MX pacUIMpeHHA He MepeceKaloTca. 

Ilycrs f —ynxuusn asre6ppl Joruku; 0603Ha4uHM CHMBOJIOM */* PyHKUMIO, 
KoTopasd nomyuuTes us f, eciM B Heli MepeMeHHYIO x 3aMeCTHTb KOHCTAaHTOU 
t. OuesuyHo, ecu f He 3aBHCHT OT X cCyllecTBeHHO, To */*=/. Anamo- 
rnuHo, ecu F —dopmyua, To cHMBoIOM */* oOo3HauHM dbopmyJy, momy- 
yeHHyIo 13 F mofscTaHOBKOl BO BCe€ BXOKJCHHA MepeMeHHOH X KOHCTAHTHI 
vt. Ecumu 8 F ner pxoxgenuii nepeMeHHoro x, To *F* copnamaeT c F. 

Jlemma 2. JJna npouseoaonott gopmyaot F us W, ne aKkeueanenmaHou 
KOHCMAHMe, MOICHO HalMU MaKyIO aKEuUEaAeHMAYIO ell HOPMAAHYI0 gopmyay 
F us W, «mo 


L(F)<L(F). 


Jloka3satTeabcTso. Ilyctb B dopmyne F u3 W ecTb nofbopmyia D 
BHA (Po yo...o@s), THE  UMeeT BU x° H T—oMNpepemsioulee 3HaYenHe 
BXOMKCHHA TepeMeHHoro x Bp. IlycTbh amee BbIPAKeHHe Gyoc...o@s CO- 
lep2KHT CBOM BxXO%KAeHHA MepeMeHHOoro x. PaccmotpuM qopmysly Fy, nomy- 
yeHHy!I0 13 dopmysbt F samenoli B He TospopMysbl P dopmysnon D,, puza 

7M o...07 Ms). Ouepygno, gua F wu Fy, Bpiliomuserca HepaBencrTso 
L(Fy)<L(F). MWoxamxem, uro F, u F sksupanenTuy. Ja sroro MocraTouHo 
moKasaTb, uro P~ D,. Ho, AelicrBuTembHO, MpH x = T 3HayeHHA dopmyn © | 
u @, OMpefensioTcA TOMbKO 3HAYeHHEM KOMMOHEHTHI **)* H paBHbI T°, a pH 
X= TT 93TH 3HAYeHHA COBMasaloT MO MOcTpoeHHto dopmyuvibl D,. | 

OvesHJHO, IpHMeHAad onucanHbili Mpotecc, MOxKHO yMOBMeETBOpHTb Tpedo- | 
BaHuio JieMMbI. Hanpumep, ctopmysie (((x1& x1) VV X2) & X3) 9KBUBAJICHTHa HOp- 
MaJIbHast (opMysta (((%;&1) Vv x2) & x3) us W. 

JiemmMa 3. Ecau nopmanonan dopmyaa F us W, peanu3zyoujan yHK- 
yulo f, codepocum m exoocdenuti nepemennoli x, mo Hatidemca maKoe tT UL 


maka dopmyaa Fy, peaausyrowan gynkyuro *f*, amo eoinoansemca Hepa- | 
eeHCmeéo 


L(E) >> m+ L (Fi). (1) 

AWokasatTeabperso. Iycrb Fy,..., Fm — paciiupeHu COOTBETCTBEHHO | 
NOAPOpMYA py,..., Pm PopmMysnbr F puna x%,1<is<m, u %%),..., tm — COOT- 
BETCTBCHHO OMpeeAIOlive SHAYeHHA BXOMKMeEHHM TepeMeHHOM X B 9TH NOJ- 
(opmysr. Ouesugno, HHKakve [Ba W3 STHX paCWIHpeHHH He HMeIOT OOIIHX 
BXOAMEHUH TepeMeHHbIX. Ilycth tT— KOHCTaHTa, BCTpegalollaica B Ha6Oope 
Ti)+++,Tm HE MeHee uem m/2 pas. Paccmorpum gopmysy “F*. Ouepngno, 


B HeH He MeHbIUe 4eM m/2 nofdopmy Ji i or SKBUBAJICHTHbI COOTBETCTBCHHO 


* 10 at 
“xX ecTth x npho=1un x npao=0. 


00 4 


KOHCTaHTaM tT’. 3amenum B cbopmyyie *F* KaxKpyo nombopmyny “F7, 9KBH- 
BaJICHTHY!O KOHCTaHTe Tt“, STOM KOHCTAHTOM H nosy ¥eHHy10 (opmyJly IpuMem 
3a Fy. YuutTpBas, yTO B KaxkoH u3 nompopmyu F;, i= 1,...,m, ecTb xors 
Obl OHO BxXOMKeHHe TlepeMeHHOrO, OTNMYHOFO OT Xx, yoexaemen, aro Ty 
YOBNeTBOpseT HepaBeucTBy (1). 

| Ca eactTswHe |. Ilycrh nepemenuaa x HMeeT B HOPMaJIbHOM dopmyse F 


u3 W, peamM3yiomleH dyHKunt0 f OT nN TepeMeHHBIX, MAKCHMaJIbHOe HCO 
BxouKeHHI, paBHoe m; Tora HalifeTcH Takoe tT H Takasn cdbopmysa Fy, pea- 
JM3y1ollad yHKUMIO */*, [JI KOTOPbIX BbINOJHAeTCH HepaBeHCTBO 


EAE 
LiF\ Spee 


OueBHAHO, PpaccCMaTpHBaemMoe B YCOBMH CJIeACTBUA YMcCMO m yOBsJIeTBO- 
per HepaBenctsy m > L(F)/n. Nogcrapus ero B (1), nonyaum Tpedyemoe 
HePaBeCHCTBO. 


_ PaccmMoTpyHM Terlepb dopmyay, pear ee yen, cbyHKimo f;. Ouepugno, 
popmysia *F, pealMsyer HeKoTopyto (by HKILHIO Me 
| Cnegetsue 2. Ecnu dopmyna F, u3 W peasusyeT dbyHKiuIo fs, TO 


- 


L (Pa) > Tl q—ay LE (. (2) 


1=2 


Heparenerso WOKasbiBaeTCA N10 HHAYKUMK C MCHOMb3OBaHHeM CulexcTBUA | 
jemMb! 3 uw seMM | u 2, 


Teopema. Ecau Fy, —npouseoronan dopmyaa 6 Oasuce v, &, , peaau- 
syrowman bynkyutio fc, TO 
| L(F,) > Cn, 
| Moxasatenpcerso. Ouesuguo, L(F,) yoBeTBOpHeT HepaBeHCTBy 
(2). imeem 


n Th 


. lI a: In (I—s2)|=exp| >) 3 a +0(1) |> Cyn, 


i=2 i=2. k=2 
oTkyya 
LAP a) 2 Ga, 


Mocxoscknit rocyfapcrBeHHblli yHuBepcuTer TloctymHJio 
um. M. B. JlomoHocosa 5 VIII 1960 


LWHMTHPOBAHHAA JIMTEPATYPA 
» ‘C. B. A6nouckuh, JAH, 94, Ne'5, 805 (1954). 


Jlonrnagn Ankagemun wayr CCCP 
1961. Tom 136, Ne 3 


MATEMATHKA | 
LH. A. UEFHC ura 


TEOPEMA THMA ®PATMEHA — JIMHIEJIE®A 
JIA FAPMOHHYECKMX ®YHKIUME B MPAMOYTOJIbHOM 
IM JIMHIPE 


(ITpedcmaeneno axademuxom-M. B.- Keadouuem 14 VII 1966; 


Teopema l. u(x,y,t)—eapmonuueckan qyxtkyuna 6 YyuauHOpe - Had} 


npamoyeononuKom OKXKa, OK y Kb, —w<t<oo. Ecau eoinoanenos 
YCAOBUA 
u(x,y,t)|p=0, ede IT — noeepxnocmo yuaundpa; (1), 
lou(x,.0, t) fey |< ce; (Ou a0, ty Oyd crc: (2) 
max |u(%,Y, 1) |_<@eexpre No ure), (3) 9 
(x,y) 


mo u(x,y,t)=0. | 

Jloka3aTeJIbcTBO TeOpeMbI ONMpaeTcA Ha TeOPeMY eHHCTBEHHOCTH VIA} 
pagos Jiupuxne (') MH NOBTOpAeT OCHOBHBIC YepTh! AOKa3aTeJbcTBa TeOpeMp! |} 
TOH 2e paOoTbl. Pemlenne, yoBeTBOpAtoulee ycuoBHio (1), npezcTaBaseTcs 


« ATX « Mi sa a ea 

+ Bam €XP [— Whamé]} sin sin =, rge nm = Vn? [a2 -— m?/ 62. Tocra-] 

TOUHO pacCMaTpUBaTb TOJIbKO CYMMY 
oe fIUk ee TOT . 
u (x,y, t) = >) AnmeXxp [7A n,mt] sin ae ot ae ; (4) 

n,m 

Tak KaK M JIA Hee JOJDKHbI ObITb BbINOJIHeHbI ycuoBus (1), (2), (3) Teopembi,§ 
CCIM OHH BBINOJHEHbI Wa v(x, y, ft). | 
Ycnopue (2) Ha u(x,y,¢t) NpHBOAMT K ycwOBMIO OrpaHWyeHHOcTH Hae 
WeHCTBUTeIbHOH OCH — co <¢t < cocmenzyiommMx psagos Jlupuxue: 


[o.0) 


fu(z) = >) (2k 71) Gaaeex pla 
k=0 


co 
a) 
Qn (z) = »} 2RO mop exp [Tn onZ]- 
k=1 
JlelicTBHTeJIbHO, 3anHiem ycuiopue (2) B ABHOM BHze 


co lee) 
du (x, 0, t) AL a5 (PA 
ay || Sin ED mao exp iwhnnél| <r OY. 
Ou (x, b, t by es - 3 = i! 
ae = Le >} sin “a L(V) as EXP [Pm t\|<c. (6) 
HcnoubsyA OpTorovasbHocTb dyHkuni sin(nax/a), n=1,2,..., Ha 


orpesKke [0, a], MoxHO 43 ycnoBHit (5), (6) nonyunTs orpaHu4eHHOcTh CyMM 
co co 


| >) MQn m XP [7hn,mtl | <3 » m(—1)" Qn.mexp [hn mt] | <e. 
m=1 m=1 

CkslaqbiBad M BbIYHTa 3TH CyMMBI, MOJY4YHM, TO fp (Z) H @n(z) orpaHu-}} 
WeHbl Ha JeHCTBHTeMbHO oc. K f(z) H Q(z) IpHMeHuMa Teopema efuHcrt-fl 
BeHHOCTH (*), H NOSTOMY BCE Qym=0, n,m=1,2.... Teopema jOKa3aHa-} 
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| CnenyeT OTMeTHTb, YTO TeopeMa HcHob3syeT ycnoBHe orpaHHyeHHOCTH 
HOPMAJbHOM MpOW3BOAHOH TONbKO Ha JBYX MpOTHBOMONOKHbIX rTpaHAXx Mps- 
‘MOyrosbHOrO WHIHHApa. MoxxHo noctpouTb npHMep rapMonnyecKol byHKUMH, 
‘“wMeroleli KOHCTaHTy pocta =/b,T.e.yHkiMH, AA KoTOpolt max|u (x,y,t)| = 
. (x9) 
=exp p (fer, rae p(t)|<c,— 00 <t<co, HOpMambHaa mpousBofHas 
-KOTOpOMi orpaHMueHa Ha CTOPOHaX ILMJIMH{pa WIMpHHbI a, a TakKxKe IIpHMep (yHkK- 
‘MH C KOHCTAaHTOM pocta n/a H OrpaHHyeHHOli HOpMabHO NpOMsBOsHOL Ha CTO- 
poHax wiupuup 0. Ilocrpoexue npumepoB TaKux dbyHKUHi oKa3bIBaer TOU- 
‘HOcTb Teopemp! |. Opnako ocTaBamocb HeACHbIM, yBeJIMYMTCH JIM KOHCTaHTa 
a/b (cautaem 6b <a), ecnu noTpeOoBaTb orpaHw4eHHOCTh HOpMaJIbHOM mpoHs- 
BOJHOH Ha MOMHOM rpanuue unsuNp~pa. JloKaxKem culefywllyio Teopemy: 
Teopema 2. Cywecmeyem eapmonuueckan gynkyua u(x, y, t) 0 
6 yuaunope DxKa, OK y<Kb, —w<t<o (b<a), ydoeremeopaw- 
yan ycaoeuam 


wix, yt) ' =0, [—noeepxxocme YyUAUHOpa; ia 

h lou (x, y, t)/Ox||,_  <e |ou(x, y, #)/dy|| _ <e; (2’) 

aap t)| <exp.ce*lfW°. Agr (3) 
O603HauuM | “id 

. ye opin Veto nVETELVE ERA y, es e 


(Vr + w+ 1 VP +o? 

Koutyp L, coctoutT u3 uacTtu okpyxuHocTu |w|=e«, jargw|<a/8 u 
*Byx ayueh argw = +2/8, e<|w|<oo. Koutyp L,. onpefennerca anano- 
ruuno: [uj =e, jargu|< 1/8; argu =+n/8, e<|ul|<oc; e > 0. 

JiemmMa 1. @ynkyuan va(x, y, t), onpedeneHnaa unmeepanom (7), 
Aennemen eapmonuriecKkou gynKyuel @ oOnaacmu 


[Ox x<a/2, Ox<y<b/2, —A<t<A (A «anboe) (8) 
wu pagHa, coznacHo meopeme o eoluemax, An, m=V (2n+1)2/a?+ (2m+1)2/a?, 


exp [— Wn in hn, rd 


lee) 
22: ay 
Va (x, Y, t) or 3 Ce ee 3 » 
n,m=0 
. (2n+1)ax . (2m+1) my 

pat) exp [Ans me | sine Si es (9) 

YcTaHOBHUM aOcOJIOTHYIO HM paBHOMepHylO B OOslacTH (8) CXOJHMOCTD 

muTerpana (7). Koutyppr lL, u L, BelOpanbl Tak, 4YTO Ha HHX BbIpawkenHe 

wu? + w? Hurge He OOpamaetcs B Hymtb. Kpome Toro, korfa WELy, uELs, 
“MMEIOT MeCTO OLLCHKH 


; (i ageakin Selling er eh ae ae 
jargVu?+w|<n/4, Viuf tloh<|Vu+o* |<VluP+|of ” (10) 
Tlostomy i 
sinaxw sin Tyu exp [—a Vw? + w? In Ve+wtatVut wo] a 
cos 1/2 maw cos !/2 mbu (Vw + w? + 1)? Vet wv 
4 SS SR MER el we eS 
z= exp [— (0 / V2) Vieltt+ [wfinVi el + lor + @/4+0A) VieP +1 oP ' 
4 4 
| Vierh+lw | Viet +feo+4p 
TapMouuwunHocTh dyHKUMN v(x, y, t) MpoBepxeTcH HenlocpeycTBeHHO ANdpe- 
peHiMposanuem mo mapamerpam x, y, ¢. VWs onenox (10) cmeqyeT Takxe, 
‘§TO HHTerpal (7) MoxKeT ObITb BbIUHCJICH KaK CYMMa BBINeCTOB B IIpOCTbIX 


momocax w= (2n-+1)/a, n=0, 1,..., u=(2m-+1)/b, m=0, 1,... 
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Jlemma 2. Ecau napamemp a 6 (7) eol6pame mak, umo a = min (a, 0), 
mo 6 o6aacmu (8) 6yOym eolInoAHeHbL YCAoeuA 


|dva (0, y, t)/Ox|<c; |dOva(x, 0, t)/dy|<e. (11). 


B cay pesyapTatos jiemMpt | judpepenttupopanme uHTerpaia (7) 10] 
lapaMeTpam x, y Bo3MoxKHO. meen: 

dv, (x, 0, 2) Let \\ u sin mxw 

oy eA (omey)2 louie cost/_mbu cos }/, maw 


exp[—a V2 +o nVet+wtatVu +e] : % | 
— — : 2: 

Verotp vere ee ol 
dv, (0; gt). ad! \\ w sin nyu 

Ox ~ chai)? cos 1/, maw cos 1/9 mbu 


x 
Ly Le 

exp[—a Vu? --o'ln Vet wt+ Veto] sy ) | 
‘ Vira tip Veta dai i 


TlouyYeHHble HHTerpasibl ABMAIOTCA AOCOJIOTHO CXOJLLHMMCA, H, KpOMe TOTO, | 
MOXKHO 3€MbIKaTb KOHTYPbl Ha OeCKOHeYHOCTH. 
IIpeo6pasyem unterpan (12). Ilo Teopeme o BbiveTax HMeeM 
du, (x, 0, 2) age (2n +- 1) wx u 
a 


co 
tia 
oy oni \ >» ae a) eye cos t/5 mbu 
Len=0 


exp [—a Vu2-+ (2n + 1)2/a2 In V w+ (2n + 1)2/a2 + at V uw + (2n+1)?/a?] die 


x 


x —————————————— a 
(Vit + (2n + 12 / @+ 1)? (Va? + (2n +41)? / 2?) 
2 1) ine (14) | 
1p) 
Cali u 
or fn (t) = Qui ) cos 1/5 mbu 


, _exp[—o Viet 2n--1P/@ in Vert n+ ipa + at Ve+en+i1P/e) 4, 
(Vik Qn +1) /a? + 1)? Vuk Ont 1 @ 


Monomum z = V u?+ (2n+1)?/a?, du =zdz/V 2— (Qn + 1)2/a?, 


il exp [—azInz-+ iz] dz | 
i t <= \ Se En eT Ns RO 15 i 

(OD) = oi dy cost/anb V 2—(2n-+1)2/a2 (2 + 1)? (15) J 

iON 

“CHO, 4TO HU fesOpMupoBaHHbIi KOHTYp LS” jexuT BHYTpH oOsacTH 
Bae TlompintTerpasibHad dyHKuHA B (15) uMeeT B OOacTH, OrpaHHyeH- 
eo ft i 
How Ls”, uw B oGmacTH Rez >>0 ofHM uM Te 2%Xe OCOObIe TOUKM, Kpome Toro ff 
OHa XOpollo yObipaer pu |z|—>0o, Rez>O0, Tak uTO KOHTyp HHTerpupo- # 
BaHHA MOXKHO TepeOpocuTb Ha MHHMy1oO Ocb. OnenuM f,(¢). Cuntaem, 4ro | 
DOO AO ==: 


it)e tc 
Ani J cost/anbV 2—(2n--1)2/a2 (+1)? ' 
; yp? QOn+12/a (2n-+1)"/2 co 
(i) |colh SPL VP FCT Det Me ably of 8a 
Fuld) |<e\ (y +1)? dy=c | \ iu c 
. | (en44)"/2 
Wioyciay (2n-fa)"l2 a ©O- | 
AER 2n-+-1 dye rit ye bent 
(y+ 1)? Te \ ae Ss Gap’ (16) | 
(2n-}-1)/2 ey 


wal 
oa 
(oe) 


Biomeenak py O< y< (2n 2 1y"  —y y? + (2n -+ 1? /aay = 


= —(2n+1P/eyt+VeP+ Ont lP/e<—cV mL. 

_ Ws (14) w omenxu (16) cnegyer, aro | dv, (x, 0, t)/Oy|<c. AnanoruuHo 
MOXKHO MOKa3aTb, YTO UH |Ovq(0, y, t)/Ox|<c npn aS>bua=b. 

| MoKkasaTenpetBo teopemp 2. Popmyaa (9) mpofomKaeT rapMo- 
HUYECKYIO MYHKIMMIO Vy (Xx, Y, t), OmpeyeneHHyio B WHAHHApe O< x <a/2, 
ee 00 << i < co «6Ha- nununHAp. O<x<a, 0<y <b, 
-—0o<t< oo. [Ipu 3Tom 


| Va (x, Y, t) = Ug (a— x, Y, t) = Va (x, oY, t) = Ug (a—x, oe L)s (17) 


T. €. 9Ta PYHKUHA NPHHAMaeT B TOUKAX, CHMMETPHYHIX OTHOCHTeMbHO cpel- 
HX JMHHH MpAMOyrONbHUuKa, paBHble 3sHayeHua. IlonowNM Tenepp oa = b. 
OoosHauum v,(x, y, t)=u(x, y, t). DynKuna u(x, y, t) yaoBnerBopset 
YCIOBHAM JIeMMBI 2 HW, B CH cBolicrBa (17), wMeeT orpaHHueHHyio mpous- 
BOJHY!O yoKe Ha MONHOM NOBepxHOcTH UNTMHLpa. OweHHm pocrt sTof dyuK- 


WHM BHYTPH UMMMHApa. An, m = V (2n + 1)? / a? -+ (2m + 1)? /6?, 


~, exp [— 6A, lll Age cel a b \ 
Xx ’ it eer : n, m —— tse } 
ae | u(x y oy A de Pe exp [1A ’ t] u($ 3 2 ? t); 
b ; 1 vA 
u (+, oe t) “ads >, Gabi S, exp [— bAn, m IN An, m + An,m NE]. 
} 
7 n=0 m=0 
AcHo, To mpH t-— oo In > exp [— ban, m In An, m + An, mat] ~ 
m=0 


=~ max (— DAn, mIN An, m+ An, mat). Borunciaa 9TOT MaKCHMYM, loulyyaem, 


1 m 
gro u(a/2, 6/2, t)< exp {cexp [nt /b]}. Teopema 2 noKasana. 
[lia OeckOHedHOrO cos, T. e. OOMaCTH BHusa 
Soe = 42 00,, —O0/2< yx 6/2; —w<i<.co (18) 


s 
h 


dueBHAHO OCTaeTCH CIIPpaBeAJIMBbIM YTBepKJeHHe TeopeMpl |. 

Cnezyoului npuMep rapMonuueckoi PyHKUMH psa cos (18) mo cMbicuy 
WaJIOrH4eH JOKasaTeNbCTBy TeopeMbI 2 VIX MPAMOYrOJIbHOrTO UMJMHApa, On 
(CTaHaBJIMBaeT TOUHOCTb TeopeMp! |: 


u(x, y, t) = Re {exp [e"2/o — mz/b]}, roe z=t-+ iy. 


| ConocraBias pesysbTarbl Teopempr | (1) c pesymbTaTaMH 93TOH 3aMeTKH, 
‘HMM, 4TO AH OecKOHeuHOTO cuIOA, Kpyrsmoro u sOOoro NpAMOYroOJIbHOrO 
‘HHH pos, BJIOMKCHHDIX C KaCaHHeM B CJIOM, KOHCTaHTa pocTa OfHa MH Ta x%Ke 
_3aBHCHT TOJIbKO OT UIMPHHbI COA. OTH pe3YJIbTAaTbl, ABJIAACb HEKOTOPbIM 
TBETOM Ha OOULyiO MocTaHOBKy 3ayauH, QaHHyio C. H. Meprensuom B (?), 
Ka3bIBaloT Ha HasIMuHe YHCTO MpOcTpaHCTBeHHbIX 3aKOHOMePHOCTeH JIA TeO- 
em Tuna Dparmena — JIuuyeneha. 

Beipaxato rayOokyio OmarogapHoctp M. A. Esrpadopy 3a BHuMaHue 
‘paoote. 


BececorosHbli + 3a0uHbtit TlocrynHsio 
suepreTHuecKHli HHCTHTYT 8 VII 1960 


o/ 


i UMTHPOBAHHAS JIMTEPATYPA 


i 
Veneer pados, HA. Yerue, AH, 134, Ne 2:(1960). #2 C. H. Mep- 
@asau, YMH, 11, 5 (71), 3 (1956). 
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KHBEPHETHKA H TEOPHA PET YJIHPOBAHHA 
3. H. HEYHMOPYK 


O CJIOMKHOCTH CYNEPNO3HWMM B BA3HCAX, COXEP)KALWIHX!] | 
HETPHBMAJIDHbIE JIAHEMHbBIE ®OPMYJIbI C HYJIEBbBIMM BECAMH| 


(IT pedcmaenrexo axademuxom A. H. Bepeom 10 VIII 1960) 


Kak noxa3an Iocr (1), cymecTByeT Bcero 5 KulaccOB JMHeHHbIX PYHKUHH 
anreOpbl JIOTHKM, 3AMKHYTHIX OTHOCHTEJIbHO CyNepMosHuuH Hu cofepKalllHx| 
dyHKuHH Oomee vem OT OfHOTO apryMeHTa. TakHMH KJlaccaMH SABJIAIOTCA: 
Knacc Ly, NMopoxfaemMpli Oa3sucom x Gp, | (Bce Pe see (yHKUHH); KJacc 

ett 


at +1 | 

ls ¢ GasHcom xOy @ l [ bys Bulla dx ® ie Bx); Kmacce Ls c 6a-4 
i=l) ta 

. t 

3HcomM x @y [ dynam Bua » x) ; kgacc Ly c Oa3sHcom x@Qy@za 


t=I | 
| 


ot+1 | 

( dysians Bula Bx) knacce LL; c Oa3sHcom xPy~Gz28! ( dys 
t=] 
2f-+ J 2t4+-1 


Bua 5) x,®l, ¥ x, . CHMBONEI Q@, >) O6o3HayaloT cwOmKeHHe MoO mod 2.| 
i=] = 

OuyepugHo, 4TO 

Lb, CLE ie eee (1)) 


Ilyctb dyHKWHH asreOpbl JOrHKH peasHsyroTcA COpMywlaMH, ABJIAIOWLU-§ 
MUCH CyTleplosHunsaMu dopMyJI 43 HeKkoToporo Oa3Hca. PaccMoTpHM 6a3Hcbi 
A;, i=1,..., 5, coctosmue u3 dopmMym seca 0, oOpa3yloulHx Oa3Hch 
Kjiacca L;, dopMysbl Beca 1, peanus3yiolleH yMHOXKeHHe &, H, B Ciyyae, 
ecuIH OTpHiaHHe — | He BxonuT B L;, dopMywbt Beca 1, peanusyroumeh OTpuy 
nanHe. BecoOM MOPMYJbI Ha30BeEM CYMMY BeCOB BCeX BXOJAMIMX B ech 


topMyviaMv B Oa3uce A; Beca, He mpeBocxogsiero L;(n), MOXKHO peasmH3o 
BaTb J0Oy!I0 PYHKUMIO ayreOpbl JOrMKH nN apryMeHTOB. 
JiemMa |. Jaa aw6o20 n mootno mak ynopadouumb ece Habopel Oau+y 
Hol nh us Aye U eOUHUY, OMAUUNEIE OM HyYAebo2d HAboOpa, umo «srobole Ni 
nocnredosameNonolx Habopoe OyOym auHeliHO HesAaBuCcuMol. ' 
WToxasatenabetTsBo. Tlycrb §—nepBoo6pa3sHbli KopeHb Noss 


GF (2") (?). Torma — sapnserca KOPHeEM H€KOTOPOrO HeIpHBOAHMOrO NOMHHOMap! 
Be sp OX sls 3. sp Opie pee 


cTeneHu n Hag GF (2) (Mm noToMy He sABAAeTCH KOPHeEM HHKaKOrO NOJIMHOMA’ 
Han GF (2) Menbuiet crenenn). [lostromy 


nA re 
E = ay = oats sae ro Onaane 
MH Bce cTemeHH KOpHs| € BbIpamaloTcH B BHMe MOMHHOMOB oT € cTeneHH Hep 
Gonee n— 1 (Han GF (2)\. Ilycrb 


k ne u—] 
g FS Oy Og 5 in : 
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4 


Tak Kak npw 1 Ck <2"—1 9snementhr ice _PassM4HBI, TO passM4HI HM BCe 


HAOOpbI &%,= (a, 9,--+, %, , ,)» Ha6opn ce On) oe GRC es (l<r<2” —n) 
MMHeMHO He3aBMCHMbI, TaK KaK B MpOTHBHOM cytyyae cymtecTeopa.ta ObI JIH- 
HeMHas 3ABHCHMOCTb (Cc TeMH 2Ke KOSppuHeHTaMu) Mexmy E”, E*t1 |, ERT 
MH € yMOBseTBOpAN Obl NOMMHOMy cTeneHH He Gonee n— 1, 4TO HeEBO3MOXKHO. 


Jenaetepue. Jina smo6oro n cywectByer pasOuenue HEKOTOPbIX 
te } 


1 
| ; | HaOopoB H3 HyJlel H CLMHUIL JWIMHbI nN Ha E rpymm no n 


HaOOPOB B KaxKMOM Tak, YTO HaOopbl BHYTPH sOOoli rpynnbl JHHeHHO He- 
3aBUCHMBI. 


_ Bese o6osnayenua: (x) =—jx, (x)'=x, Ky (x)= (x)... (x), rye 


eee, x"), c= (01,..., 0”). 

JlemMa 2. ITycmo ¥ (x) = xapaxmepucmuueckaa @yNKyUA CuCcmembl AU- 
HEUHO He3ABUCUMOLX HAOOPOE 61,..., Gn OAuNol N. Toeda OAA Abo. KOHNDIONK- 
Yuu at (x) cywecmeyem aunetinan dynKyuan (6e3 ceo6odxoe0 uaena) 1; (x) 
maka, 4mo 
7 (%) Le (x) = Ket? @ (2) 
npuwem npu i= j 
: 


' ¥.() te (x) L(x) = 0. (3) 


_ Haxoxyenne KOSPPuLHeHTOB JIMHeHHOH yHKUMH CBOHTCA K peLlUeHHto0 
CHCTeMBI JIMHEHHBIX ypaBHeHHH, MaTpHlla KOTOpOM HeocoGeHHaH B CHJy JIH- 


Reiinoii H€3aBHCHMOCTH HaOOPOB 6,,..., Gy. CooTHoweHne (3) cenyeT H3 (2) 
M OpTOroHa/IbHOCTH KOHBIONKUHE K~ (x). 
( Ll 


® Teopema*. 


pn—l 


L;(n)~ 


n ? 
HoKkxasateabcrTso. V3 (1) cnenyer, to 


Lay< Li(n)< / BY 9 eae Cea ey Paes tee 8 


EE TP OP er, 


\ HuxuHasn oneuka gaa L,(n). Conoctasum kaon cdopmyse ZepeBo 
To P. E. Kpuuesckomy (%) (KopeHb fepeBa pacnosoxeH BBepxy). BepiuHHbl 
flepeBa, COOTBeETCTBYIOULNE KOHBIOHKUMSM, Ha30BeM &-BePlHHAMH, Bep- 
MIMHbI, COOTBeETCTBYIOWIHe JIMHeMHbIM (bOpMy/iaM, Ha30BeM (€-BeplHHaMH. 
ConocTaBuM Kaxkfomy pe6py mepespa uncyio | uM 2 B 3aBHCHMOCTH OT HO- 
IMepa BXOfla &-BeplIMHbI, OuMoKalueli K JaHHOMy peOpy HM pacnooxKeHHon 

mexKy HAM WM KOpHeM. Pe6pa, HH2KHHH KOHeL KOTOPbIX ABJIAeTCH G)-BepLH- 
Hoi, CTHPHBaIOTCH B OMHY TOUKY, THM 9TOM BePLIMHbI COBMafaeT C THNOM 
BepxHero KOHUa peOpa. B pesyibTaTe MOC/leqOBaTeJIbHOTO MPHMeHeHHA yKa- 
BaHHOH oMepallMH momyyaeM fepeBo, COCTOsSIILee TOJbKO H3 &-EBePIMH, 3a 
MCKJIOYeHHeM, MOKeT GObITb, KOPHA epeBpa. PeOpa AepeBa, B KOTOpbie Nepe- 
XOAAT KOHUEBbIE peOpa HCXOMHOrO AepeBa, YAa/stOTCH, BeplWwMHaM NpHMHCbI- 
Baerca ofHo w3 uncen I,..., 2°*!, B 3aBHcHMOCTH OT KOMOMHAaLLHH Nepe- 
MeHHbIX, NIPHNMCaHHbIX yaNeHHbIM peOpaM, HHILMJCHTHBIM C JaHHOM BepLIHHOH, 
Noetpoennoe fepeso OHO3HaYHO ONpefeneT PYHKUMIO, MpekcTaBsJAemyto 
M¢xonHOn dopmy oh. Uunceno TakHX MepeBbeB, COMep*Kalllux h peOep, He nmpe- 
| ieee ghee" Orciona cyleyeT HHDKHAA OWeHKa,. 


So 


Be.” Kak u3pectHo (*), B cy4¥ae MONOKUTeMbHOCTH BecoB BCeX Oa3HcHBIX Popmy. L (n) 
uMeeT nopsgoK 27/ Ig, n 


4 JLAH, Tt. 136, Ne 3 061 


i 


Bepxuasa oueuKa Naa Ly(n) (M Metor cuutesa). ApryMeHTpr 


pasOuBaioTca Ha rpynnps x= (on Xo, X3), X1 = (x1,..., 4°)5) Xe “COED 
t=n—s—u 6yKB, x3=(z',..., 2), Y=2’. Bo MmuoxecTBe HeHyveBbIx 


~ 


HaOopoB 3HaveHHit apfyMeHTOB xX, BbIJeJIHeTCA CucTeMa Helepecekaloulnxca 


~ De —!1 4 Les 
rpynn V, = oe Rid tone aie Na a5 : , 10 S HaOOpOB B Kako 


rpynme, Tak, Yro Bce Hadopbl OMHOH Fpynnbl JMHeEHHO He3aBHCHMbI (cseq- 
a at 
cTBHe 43 slemMbI 1). O6o3HauHM yx, (x,), R=1,..., : |, XapakTepncTe- | 


ae oy HKUMIO MHOXKeCTBA Ve MW lai (%,) — Takylo sMHeHHyIo §=6dbyHKUMIO, | 
AeA == Ko, (x,) (nemma 2). Ocrapuimeca Ha6oppl, BK.t04yas | 


WTO X, (x1) 4, 
Hyslepoli, OOo3sHauMM T,, t= 1, , Gy aes: 

MuoxectBo HaOopos sHavenHil apryMeHTOB X, pas6uBaetcs Ha cbepbl pa- | 
muyca 1 U,, p=1,..., 2"/u, c WeHTpamu B HaOopax eee. pense ol) 


XapaktTepucTHyeck y1o piers cpeppt U, o603nauum 4, ( Fh MH ycTb | 
Ep, ] = (Eee ee ae a Ean alee b ie ar e Pas 9 en Ye 


Besakaa dyHKuuA anreOpbl soruku [ (x) mpelctaBseTca B Bue 
d 
[(%1, 2, X3) = BKe (xa) i ps X2, X3) ® 
—} 
[ see wee 
. ~ Pad 
@ Bx ») (3 (83) ( Bi Ke, Ca) (B ely 


ae 


& (Bh, (x1) i (3, A Se Ey ;))))). (4) | 
O6o03HauuM 
Ne eas Pe ret ts 
A, i Sen Te (z’) ® » Li (x1) i (Sn 02, Sp, ufati)? 
t=1 
Be SS ae s Pe Pa Paes 
|e, ae Sa (Ze hae ) De (x1) [ (5, i? Oo, So i) 
om 
2S: LS a ay OOS = ee 
cr Die a | 3) » by (x1) f (Sn Oo, bo.) f (Sige Oo, co uja.j)* 


{= 0=1 
V3 (3), (4) caenyer 
A aoe eS d Ay en 
(x1, X2) X3) = & Kz (4) P(t, Xa, Xs) @ 
f=1 
@ » | X1 (x1) ( > tp (X32) (2) Kaz) (Cup, Ge ® » A, Pp, ees As ion i))) (5) 


ITpeo6pa3yem sBbipakenne (5) Tak, YTOOLI UrpalollMe OCHOBHYIO pOwJb JM- 
HeHHbIe pyHKunH A, ee pe o% p. 3; Hepelwin B JMHeHHBIe (yHKunH H3 Lg. 


Ilyctb 5 — npousponbubiit onepatop. OdosHayiM 
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V3 (5) cnenyer 


ap oe PS d ~ eS 
i (x1, X2, X3) = »d Ge (x1) f (t,, 2) X3) @ 
t=1 


(C,, P, ma, Des 62 SD) 3 (Ay DP, G {08 (AL. Ps Go ))) (Be. ‘Dh es, j8 (Bie )))))- 


Ilycrb @—ynkuna asre6prt soruKu, O (coorsetctBeHuo 1) — HaGop 


HaveHHH ee apryMeHTOB, COcTOAMIMH cMvoulb u3 HyJel (COOTBeTCTBeEHHO 
equHuu). Ilonoxum 


5 (9) = 9 (0) @x (ep (1) @ 19 (0). 


(8) Eien 2 
DO =, 9 BG, pe 


hk, p, 59 kh, p, 62 
1! 2 0 eo 
rye L. Wes L. po THHeHHbIe dyuKuun. Ecau p— snuelinans dynkuua, To 


POdI(*)eé 


. OdosHauum P(~) MHHHMabHOe uNCMO TaKoe, TO (bopmyvioH B Gasuce A, 
BecomM P(q@) MOXHO peaslH30BaTb PyHKuMIo @. OueBuguo, 


~ 


P(Kz(%)) <25, P(Ky Oe) 28 P CFG 5 gy ee) = a) See 
Bye. Cs", Pp (%5))<Cu*, P(D!,-)<C 


1 oe 


pme C, C’ — KoucraHTut. 
Vmeem 


P(j)< P(0)4 ds +1+(¢+ 4) 2°") + 
+2 tc 41 42 (cut +14 2¢(2¢4 3 Cue A 


E ae iy =[igsle,n}-.3,. {=2[lglg.n],. s=n—t—wH; 4 Torna 


d Pify< sepa . Teopema joKa3anHa. 
Tlocrynusio 
5 VIII 1960 
WMTUPOBAHHAA JIMTEPATYPA 
‘ E. Post, Two-valued iterative systems, 1941. * B. JI. Ban- -Bapaen, 


Se anmre6pa, 1947. 8 P. E. ‘ puuyeBcKkuHl, oe 126, Ne é. 1191 (1959). 
ytauos, JAH, 119, Ne 1, 23 (1958). © O. 5B. Tynaunos, JAH, 128, 
iS 5. a (1959). 


Jiornagn Arkafemun Hayk CCCP 
1961. Tom 136, Ne 3 
TFHHUPOMEXAHHKA 


B. H. OMOBU4 


MJIOCKHE HECTALLMOHAPHBIE ABY)KEHWA WEAJIbHOM 
HEQKHMAEMOAM KN JIKOCTH * © 


(ITpedcmaeaeno axademukom C. JI. Co€onesvim 27 VIII 1960) 


Bonpocam cyulecTBOBaHHA H @QMHCTBEHHOCTH pelleHHaA 3aqaun Kou u 
CMeIUaHHOM 3aa4uH JIA ypaBHeHHH ABYXKeHHA HJeaibHOH HeCXKUMaeMOH XKHI- | 
KOCTH MOCBALLeHbI HccMeqoBaHua (', 7). OnHaKO B 9THX paOOTAaX CYLLeCTBOBA- | 
HHe PpellCHHA JOKAa3aHO JIMIb A MOCTATOUHO MalOrO MpOMexKyTKa BPeMeHH | 
MW B OTCYTCTBHE BUXpeBbIX MACCOBbIX CHI. Ha TPpyHOCTb pelleHHA 3aaqH «B 
lleslOM» yKa3bIBaocb, HalpuMep, B(®). B HacTosmei paO6oTe ma cayyad | 
JIBYMepHbIX TeYeHHH yCTaHaBJIMBaeTCA CyWeCTBOBaHHe EAMHCTBEHHCLO pelleHHA 
yKa3aHHbIX BbIlWe 3aay JA BCeX 3HaYeHHH BpemeHH f > UV HU Oe3 KakHX-J1H60 | 
MpeANOOXKeHHH O MaJIOCTH PYHKWMA UW NapaMerTpos, (PurypUpylollHX B yCJOBUM. | 

Virak, TpeOyerca onpesxeuTb BeKTOp cKOpocTH v(x, 7?) HM jaBneHue | 
p(x, t) (x = (x1, %2)€@) no ycnosuaM: 


v,+(v, V)v=—Vp+F (x, #); (1) | 
div v'=0; (2) | 
ais eee: (3) | 
V | pao = 4 (4). (4) 


Srecb Q — o6sacTb, 3aHATaA *%KUMAKOCTHIO; S—ee rpaHuna c BHeWHeM HOp-| 
Masbio n; F = (F,, F.)—3amqaHHbl BeKTOp MaCCOBBIX CHJI; a — HauaJIbHaA 
CKOpOCcTb, Mpesnoaraemaa sagaHHon. Ecau o6nacTb Q HeorpaHuyena, TO 200aB-§ 
JHeTCA YCMOBMEe HCHe3aHHA CKOPOCTH HM AaBMeHHA Ha OeCKOHeYHOCTH. 

PaccMoTpHM culy¥ah orpaHHyeHHOH oOG6macTH @, Tak Kak OOULMH cnydan| 
HcuepMLipaeTca 6JH3KHMH paccMoTpeHHamu. T]pegsmonox*xuM BbINOJIHeCHHbIMH 
yciopua: 1) Q— orpaHwyeHHan OGsacTb MMOCKOCTH (X1,X%2); ee rpaHnua S co-| 
CTOMT H3 34MKHYTbIX, JBarxkMbl HeMpepbIBHO LHddpepeHuMpyeMbIX KOHTYPOB So,| 
Si,--., Sa, mpuyemS,, Sz,..., Sy, meat BHYTPH OONacTH, OrpaHH4eHHOH So; 


2) F—nHenpepbipubii BeKTOp H oNycKaeT HelpepbiBHble No x, ¢ NpousBoy 
Hple F;y, (¢, k= 1,2); 3) a wmMeer orpaHnNyeHHble MepBbie OOOOMIeHHbIe NpoH3s 


Uv 


! 


BOMHbIe. PaccMOTpHM csyY¥ah OMHOcBA3HOH OOnacTH (S = S,). Huxe yka3aHb 
M3Me€HCHHA B OKa3aTeJILCTBe, KOTOpbie B/leueT OTKa3 OT 9STOFO YyCOBMA 
Bpefem PyHKUHIO ToKa p(x, ¢) paBeHcTBaMH 


0 8D Cae, (5) 


JIna onpegenenua wp nomyyaem sayauy 
Ae +, AY, — PAB, =1(% 2) (a); Pis=9 ©; Pl, =x) (&). (6) 


Snecb f = Fyy, — Fox,;  — byHKUMA TOKa BeKTOpa a. | 

Bpefem HeKoTopble tbyiKUMOHaJIbHbIe MpocTpanctTBa: V — saMbiKaHHe MHO} 
*KeCTBA ABaKAbI OF paHH4eHHO Auddepenunpyembix x [0,7] pynkunk oT x, paBy 
HbIX O Ha S,B Hopme** |) = phe |Ap|; — V, — mpoerparerso (byHKuH 


oT x, /, OnpefeeHHbIXB uUnMHape Q, = Q x [0, T] (T >0— xexoropod 


. aE ee Ha BcecotosHom cbe3qe Mo TeopeTHyeckoli H MpHKaqHol MexanuKe, Mocksal, 
AHBapb Os 


** Tloaq max MbI Besge 6yeM MOHMMaTb CyuleCcTBeHHLI MaKCHMYM. 
564 


YHCIO), MOUTH AH Bcex t, IpHHaasexKaulnx Kak PyHKuUMu x MpocrpanctBy Vc 


-Hopmoit ||P lly, ee Ivlp> Le—c Hopmoti lel, aa |p|" 4x. Tpocrpanerso 
, Q 


‘C’ — 3aMbikaHve MHOKECTBA TayKHX yHKUn, onpesenenHEIxX BQ, uM paB- 
—upix 0 na S, B HOpMe Pic: = max (be |r| ,, |). 


4 JiemMa |. Beaxan gyxnkyua meV o62adaem emopoimu obobwenHoImu 
| Npouseodn bm NO Xj,X2, Npuxadrenauyumu sobomy Ly (k > 1), npuyem Ona 
 Gonomux k umeem mecmo Se 


| | > | Px, xj lL, < Ck | 7 lv ’ (7) 


ie fail 


2de C — koncmanma, ne 3a6eucsiyaa om g,k. Ilepevte npouseoduele @ynkyuu 
9 yooeremeopsrom @ Q ycaoeuro [envdepa c aboim nokasamenemO<AN< 1. 
JlokasaTe/IbcTBO HepaBencTBa (7) Hcnomb3yeT HeKOTOpHIe pe3syJbTATHI 
* CHHIYJIAPHbIX MHTerpanax B Ly, nOMyyenHbe B (4). Ormerum, uTo u3 (7) 
\, 


_ BITeKaeT CyMMHpyeMOCcTh PyHKUNii e “'?<;x;| pa HekoTOpoMm a > 0. 
' Onmpeyemum o6oOmeHHoe peilenne sagan (6) BQ, (T >0—mo6oe uncu0) 
; 


kak dyuHkuuro p(x,7)E€Vi uw yoBeTBopsriollyio WHTerpasbHOMy TO*KecTBY 


\ Ap ®dx},_,— \ Ag ®dx + ( [— Ay ; — Ay (®,p,, — ® xp, I dx dé = 


, 2 02 


r 
=\ \ f® dx diana mo6ol rnayxot BQ, hynKuun P(x, 2). (8) 
0 2 


Jlemma 2. ITycmo 8 (x)— pewenue xpaeeoti sadauu Ab = g, + Zor, 8|5 = 9, 
20 £1, g2—enadKue 6 Q ynkyuu. Toeda cnpasedauea oyenka 
We le, FWP t, S Cr) (rll, +2) ,) 20e Cr * saeucum auwe om o6aacmnu 


(u npu Ooanmux k C,(k)<Cik (C, He 3aeucum om g4, £2, k). 
: JlemMa 3. Ecau %p — o6061uennoe pewenue 3adauu (6), mo ona umeem 
' 0606wyennole npouséodnele. rp, 1, P,, u Npu 260m ues Ibe st te, < Cs 


_ fina oKa3aTesbcTBa: MpHMeHsem sJIemMbI | vu 2 k 3apaue (6), 3anNcaHHOH 


3 pune Ay, =f—(AY,,),, FAV). 3  Yels=0- 


JlemMa 4. 3adaua (6) He momem umemb Oeyx ob06ujenHoIx pewenuit 
6 cmoicre (8). 


» Ilyctb ,, p.,— oOobienHbIe pelieHHa H & = %p, — pe. 13 (8) merko nomyuaem 


4. 


E a \ (a2 af Oe ) dx ices Vrs (a2. rig on) am Gus ce ees) Oy tx,Jdx =O. (9) 
Q Q 


* V3 nemmsr 1 sbirekaer omenKa oO, -+ a%,< Cz npu x,tE€Q,. Us (9), 


‘mosaran 2? (t) 22 (ya)?dx, nlony4HM 
i fe) 
; dz =| ( Prec si [Pies — pe |) (a2. + a dK < 
s/ Q 


€ Ce pe 9—¢ € 
f CCE (WPrscglogye FU Yasar — Paris, bngye)Z2? Sg CHP» 2 (8) S Ca (Cot )-(10) 


* C, Beste B AabHeHIeM O3HavaeT KOHCTAHTY, 3aBHCHAULyO AMUIb OT OOwacTH. 
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Ilyerh OS t<K1/2C,. Torga, nonaran 8B (10) ¢e—>0, HalizemM, 4TO 
z(/) =. Tostopas npeabyyuine paccyxkfeHua, Haliem, To z(f) =0 wee 
PETTIOC EWP Coly (LCG, 3/2 a ues acara ce Creare G2 med 
CeMOBATeMbHO, WP, = Wo. JiemMa JoKa3ana. 

Jian MoKa3aTeibcTBa CYULECTBOBaHHA MOKaKeM, YTO OOOOMLEHHOe pelleHne 
YNOBJIETEOPs.eT HEKOTOpOMY OnepaTopHoMy ypaBHenHo. Jin dynkunh pEC’ | 
onpefeiuM onepaTop Ap aaa it 


( (Ay) @dx)|_. — pees bi | [—A (Ap) & — A (AY) Oxtha — 
Q rire) 
Te 


— ,,rp,,)] dxdt = \\ fd dx dt, (11) | 

02 | 

the ® — mo6an riankas PyHKuNMA, 3aqannan Ha Q.. Cpapnupag (11) c (8), 
sakslouaeM, YTO BCsiKOe OCOOMIeHHOe peweHHe 3agaun (6) 


p= Ay. (12) | 


Jlemma 5. Onepamop A nepescdum C’ 6 cdepy npocmpancmea V, 


14h, <R=lol, +) max |f (x, 1)| dr. (13) 
0 | 
u AeAAeMCA enoAHe Henpepoienoim 6 C’. | 
M3 (13) serko BbiBecTu, ¥TO BCsKaad ctbepa payuyca > R, npoctpanctsa | 
C’ nepegogutca onepatopom A B CBOIO KOMMaKTHYIO YacTb. C MOMOIILbIO | 
npunuuna UWaynepa (°) nomyyaem, uTO ypaBHeHve (12) uMeeT He Meuee | 
O_noro peweHHs %p, npnyem pEV, uw |pl,,<R. Ormerum, uTo Ana nNonyuye- 
HHA OUeHKH (13) B cny4yae AOCTaTOUHOH raawKocTH %p, p’ = Ap HyKHO TI0- 
joKUTS B (11) @ = (Ay’)”"! w nonoKuTh Roo. B oGmiem cayyae oKasa- | 
TEJIbCTBO MPOBOAMTCH C NOMOLLbIO aNMpOKcHMallHH PyHKUAH WwEC’ riaqKHMH. 
_ Jlemma 6. Jlaenenue p(x,t), onpedenennoe paeerncmeamu (1), (5), (6), 
ecmb oepanuvenHan dyxKkyun; YpELp, npu awbom k> 1. 
Hapy v(x,t)=(~,—*,), p(*, 4) OyneM HasbiBaTh OOOOMLeHHEIM 
peulenuem 3aqaun (1) —(4). 
Ilepeiizem K cyly4alo MHOrocBA3HOM oOsacTH. OnpenenuM dyHKUHH 
tp, (x) (v€Q) ycnosuamu Ap, =U; , Is, Ope) ky tf — alae ei Ee eae 
6,, —cumMeon Kponekepa. O6osHauum Un = (Per, — Vpy,)> CHOBA BBOLHM 
@VHKUHIO TOKa  paBeHCTEOM (95). tp yHOBMeTBOpHeT ypaBHeHHio (€6) u Ha- 
YaJIbHOMy ycnoBnio (CB). EmecTo (C6) nonyyaem KpaegBoe ycsoBue %p|, = 0; 


Pls, = An (t) (R= 1,2,...,n), rge A, (¢) — Hen3BecTHBIe PyHKunH. IlonomwKuM 


~= + 2 An () Pas P= Dd) Antha, 
k=1 


Pe Apa — Pls, Torga a eCTb pellleHHe 3ayaun 


Ab, ts Por A Pox, ae Poon ah pa Ne (Dp AV, “a Pre AW ,,) al i 
R= 
Po le = 0; Po ee = Po: . (14) 


TpeOopanne ofHosHayHocTH p(x, ft) NpHeOAUT K n yCNOBHSM 


» hn (t) \ u,u, dx — S Vp (O\ up X rot vu, + ( {Vot — Vo X rot Vy — 

= h=1 Q 

F)u,dx =0; vy = (Pye, Rat We (O) Aree = (RUD; ee at Le 
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_ OGo6meHHoe peeve sagaun (15) npH muKcupoBaHHblx A, ONpeMenseTca 
‘ 


meee? NpeAbiLyueMy (Hy2kHO B (11) 3ameHuTb tp Ha %p, H ¥,, Ha Le, -- 
| 
| ie he'P x, ) Paccyxkfan Kak W panblle, OMpefenvuM wp, Kak omepaTop 
‘a tt 

HoT (A,, Ae,-.-,An), MOcMe uero OMpenennem Ap HB (15). Tipu stom, Kpome 


“OWeHKH THMa (13), CyulecTBeHHO HCHOMb3yeTCA ypaBHeHve 32HepruH 
| 


: 5 aN (yyy ax —\ fpdx = 0. (16) 


IE Q Q 


a 


Jiapnenne onpenesiszemc nomoubio (1). Mowyyaem o606meHHoe peulenne c TEM 
“Ke AndipepedXuvaJbHbIMM CEO/ICTBaMH, YTO B CJyYae OAHOCBA3ZNOH OONACTH. 

>: Teopema 1. /Tycmo évinoanenot ycaoeua (1), (2), (3). Toeda sadaua 
(1) — (4) umeem, u npumom eduncméennoe, o606wenHoe pewernue v (x,t), 
nas f) (x€2,0<t< oc). I] pu amom:, 1) v, p Henpepoienet no x,t u ydoe- 


me recn2i ycaoeuio Tensdepa c awboim OKA< 1 @ Q; 2) max |rotv| << 
B\\ x, (€Q7 
p< C,(7); 3) eeauauno: |v;.,, | Ly? vel,» Havel 1, Henpepolenel no t; 4) ypaenexun 


1), (2) ydoereméeopstomca Oana ecex sHauenuli t noumu ecrody 6 Q; 5) ycaoeus 
43), (4) ebinoANsIOMcA 6 KAACCUNECKOM CMbICAE. 

Jianee OKa3bIBaeTCA EO3MO?KHBIM HCCweOBaTb AuG¢depeHunasbuble CBOMCTBA 
MONyyeHHoro OOOGWeHHOrO pelieHHs UH YyCTaHOBHTb, 4TO OHO onycKaeT 
J050e YHC/IO HeENpepbIBHbIX B 3aMKHYTOM OOMacTH Q, MpousBOAHbIX NO Xx, Zz, 
ecnu F, S,a—yocratouno rnapkue. Vmenno, cnpareganpa: 

. Teopema 2. /lycmo: |) epaxuya S nenpepoieno Oudepenuupyema r+ | 


9 


"pas; 2) F umeem r-e o606wennole npouseodHole (°) no x,t, npuuem ux HOpmMeL 
%e Ly (k>2) vepanuuenni no 1; 3) ae Wh. Toeda v, p umeiom r-e o606wen- 
Hole npouce droee no x,;,t u ux nopmol 6 Ly oepanuuerot no t. 

B yacTuoctu, nph r=2, k->2 nonyyuaem KsaccnyuecKkoe pelleHHe 3anaun 
'y 
(1) — (4). Hoka3atTenpcTeo stoi TeopeMbl HCNOMb3yeT CeAYIOULNH cbakT: 
- Jlemma 7. I[lycme epanuya S mpustdo nenpepoeleHo Oudepenuupye- 
wa, Y— pewenue Kpaeeoti sadauu= g(x); pl,=0, Tozde geW (r > 2) 


fu useecmHa ouenkKa max) g(x)|< Cs. Toeda cnpasedaueo Hepaeexcmeo 
‘iz 


24€02 
<Cyln (Cy + Cu (V2, +1.12)1- 


| Sameuauna. 1. Tpe6opanna k pHudpepeHMasIbHBIM CBOMCTBaM F, a B 
‘teopemax | u 2 MOxKHO HeCKOWIbKOCHH3UTb. 2. MeToX NOsBOAeT paccCMOTpeTb 
“canyuai, Korga v,|5 = ¥. 3. C NOMOLLbIO NOJYYeHHbIX ANPHOPHbIX OLEHOK MO- 
QKHO MO H3BeCTHBIM CXeEMaM OOOCHOBATb CXOMMMOCTh MeTOMa LalepKHHa HM KO- 
HEYHOPASHOCTHBIX MeTOOB WIA MpHOWxKeHHOrO BBIYHCIeHHA OOOOLLEHHbIX 
‘pewenuii. 4. YpapHenua, ananoruunple (1) — (4), (6), BcTpeyaroulueca B He- 
‘KOTOPbIX BOMpOCaX Ma@rHHTHOM FHAPOAMHAMHKH M TeOpun AMdpy3HH B MKULKO- 
TH, MOrYT CbITb HCCIeMOBaHbI TaK Ke, KaK 9TO Cle/laHO BBILIC. vie. 

_  AsrTop BbipaxkaeT OnarogapHOcTb yuaCTHHKaM CeMMHapa NO HeJIMHEHHOH Me- 
‘Xaunke mpu PoctoscKom-na-Jlony rocyapcTBeHHOM yHUBepCcHuTeTe 3a BHHMAHHe. 


XiXR | 


5 Pocrosekuit-Ha-Jlony Tloetynnsio 

_-« FocyflapcTBeHHbili yHuBepcuTeT 23 IV 1960 

f LIUTHPOBAHHASA JIMNTEPATYPA 
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Jloxnaygn Akanemnu nayr CCCP 
1961. Tom 136, Ni 3 


ACTPOHOMHA 


Axanemuk AH Asep6CCP M. A. KALIKAH, T. A. HCMAHJI-3AJ{E u B. H. AJIHEB 


MATPHHTHbBIE CBOHMCTBA APAbIMJIMHCKOFO DKEJIESHOTO 
METEOPHTA 


Visyyenve MarHuTHBIX cBOlcTB SpPAbIMJIMHCKOrO 2KeJIe3HOrO MeTeOpHTa 
MpencTapiseT WHTepec B CBA3H C TeM, 4YTO OH HaHOonee CBexKUM (BINA 
24 XI 1959 r.) u3 He6ecHEIX Ten Ha Semue (*) H MOCEMHHH %Kese3HbIM MeTeEOpHT 
moce CuxoTs-Amuucxoro (1947 r.). 

MaruutHble CBOMCTBa MeTeCOpHTOB TeCHO CBA3AHbI C UX MHHepPaOrMyecKHM 
COCTaBOM HM CTPyKTYPHBIMM B3aHMOOTHOWICHHAMM MUHepaoB. Ilo peTanbHbl 
vccieqopannam M.'A. Kamas u B. A. | 
Anvesa SIpabiMiMHCKHH MeTeOpuT co- 
CTOHT B OCHOBHOM (95%) H3 KaMaCHTa 
(Fe,Ni), a ocTambHasa uacTb ero najaeT 200 | 


1,10 “eayce 


3 
L, 10 eayce 
250 150 


200 
150+ 


| J 45 5 - : I 
0 5S 0 I 2 25 30 ~©H,spem, 0 § 10 15 20La 
Puc. 1. PasmarHuyHBaHie MeTeopuTa 8 Puc. 2. PasmarHwunBaHwe MeTeopHTa_B 
TIOCTOAHHOM ‘MarHHTHOM mole TIep€MCHHOM MarHHTHOM Tose 


Ha O10 TOSHHTA (HM MvieccuTa), wpeH6ep3uta vu padguta. IpaduT B xapaxTepu- 
CTHKe MarHHTHOH (pasoBocTH He yuacTByeT. APAbIMJHHCKHH MeTeOpHT COMepKUT 
wene3a 92—93%, HuKkenA ~ 6,5%, KOOanIbTa OKONO 0,40% Uu BeCbMa Mauble 
KOuMYecTBa (pociopa, Cepbl, yruiepowa M pefkHe pacceAHHble JIA MeTeOPHTOB 
3JI@EMeHTbI: KPCMHHH, aJIOMHHHH, MarHHli, Mapranell, raauu, repMaHHi U Ap. 

M3yyenne cbopmbl perMarsmuntToporo pesmbedba H OCOGeHHOCTeH KOpbI MaB- 
JeHHA APAIMMMHCKOFO *KeMeSHOrO MeTeOpHTa MOKAa3a0, YIONPH NoseTe B aT- 
Mocibepe SeMJIM OH HAXOJMJICA BO BpalllaTesIbHOM COCTOAHHH, YTO MOTJIO B HEKO- 
TOpOH CTeNeHH OTPa3HTbCA Ha €FO MArHUTHbIX CBOMCTBAX. 

Mismepenua oOcTaTouHOol HaMarHuyenHocTH J, HM MarHUTHOM BOCIpHuMUH- 
BOCTH % NPOH3BOQMJIMCb Ha acTaTHueckOM MarHuTometpe. Jia uccieqOBaHuA 
MarHUTHbIX CBOMCTB HanOoviee KpynHoro (127 Kr) O60MKa MeTeopHTa Obl BbITIN- 
JeH OOpasell B Bue KyOa C peOpom 24 MM c TakKMM pacueTOM, YTOOLI OXBATHTb 
KaK BHYTPeHHION, TaK H BHELIHIOIN NOBepXHOcTb. OcTaTouHad HAMarHHYCHHOCTb 
M MarHuTHaA BOCMPHUMYMBOCTh OKa3aJIHCb paBHbIMH 


Ln = 4,6. Or ayes tia er etsy 
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Tloce storo Obl BEINMeHbI YeTEIPe KySa c peOpom B 10 MM H UeTHIPe Npa- 
MOYrOJIbHbIe NIpH3MbI CO CTOpOHaMH 4; 4; 24,75 MM, KOTOpble OblJIH NMOABeprHyTbl 
MarHWTHbIM HCCleqOBaHHAM.M3mMepeHHA NOKa3au pasHylo BeEMYNHY OCTaTOUHON 
HaMarHUYeHHOCTH MO MOBEpXHOCTH MH BO BHYTPb. 

Kpupble pa3MarHHuuBaHHA B MOCTOAHHOM Mosle MOKa3saiu, 4TO OOpasell, 
Ne 4 pasMarnuuuBaetca B Nove 20 apcr., a oOpasen, No 2 — B nove 32,5 apcr. 
(puc. 1). 

B nepemeHHoM nove oOpasen Ne 1 pasMarHMyuBaeTcs B OOJIbLINX TOIAX HW He 
MeHAeT CBOero 3Haka, a OOpaser Ne 3 MeHHeT 3HAK IPH MaJIbIX MOMAX H COXpa- 
HAeT 3H4K HW BeJMYHHY HaMmar- 
HMYeEHHOCTH NpH OoMbIWMX NO- 7-10 sayce 
JAX (puc. 2). oo 

Tlo kpHBbIM pa3MarHuuHBa- 30 
HHA B MOCTOAHHOM HM MepemeH- 
HOM MOJIAX MOKHO CyleaTb 
BbIBON, 4TO MeTeOPHT Iipey- 20 
CTaBJIAe€T MAPHHTHOMATKHH Ma- 
TepHa/l H HEOWHOpORen. 

_ Wspectuo, 4TO MeTeOpuTEH iy 
Mpv najeHuu Ha Semsio mpeo- 
LONeBaloT 3HAUUTEJIbHOe COMpo- 
THBJIEHHe aTMOCdepbl, B  pe- 
BybTaTe yeroouw HarpepaiwoT- 9 , M0 240 S360 480 G00 °C 
CA Jo TemMMepatyp B HecKOnb- 4/0 2ayce 

KO TbICAY rpafycoB, a 3aTeM 4/% 
OCTLIBAIOT B MArHHTHOM move 
Semiu. ostomy mpesctapssaer 
HHTepec H3yueHHe HamMarHHueH- 40 
HOCTH MeTeOpHTa Ha Ppa3Hbix 
paccTOAHHAX OT MOBepXHOCTH 
(TepMOOCTaTOUHOH,  HOPMAJb- 30 
HOH WH HeabHOn). 

UtoObl HaiTu Temnepatypy 
Kiopu deppoMarHuTHbIX KOM- = go 
NOHEHTOB MeTeOpHTa, a TaK- 
Ke ONpeleMTh UX HaMarHu- 
YEHHOCTb, OOpa3ulbl NpelBapu- 
TeJIbHO HaMarHHYBaJIHCb 
SJIEKTPOMArHHTOM, a 3aTeM II0- 
MelllaJIHCb B aCTaTHUeCKHH Tep- a. 
MOMarHHToMeTp, rye HarpeBa- @ 20 20 $60 460 600 720°C 
MHCb NO TeMMepaTyp BbILWe TOU- 

KH Ktopu, HM OXJlaxKianucb B- Puc. 3. S3aBHCHMOCTb OCTaTOUHOM HaMarHHueHHocTH 
HpucyTCTBUM MarHuTHOrO NOMA ih spe Beek aro E 8 

3emiu. Pe3ybTaTbl aKcnepH- 

MEHTOB IIpWBeseHbI Ha puc. 3, rae NO ocH aOcuNcc OTNOKeHa TemMepatypa, 
4 NO OCH OPAMHAaT — HaMarHHYeHHOCTh B JeJeHHAX LIKaJIbI 

Kak BHO H3 prc. 3, MeTeOpHT MpezcTaBuAeT COOOM REMCTBUTebHO MHOFO- 
pasnyto cucTemy, mpwyuem Touxa Kiopn, papHas 580°, BbiqeneTCA YeTKO, Tora 
«aK TouKa Kropu, paBHan 350°, cya MO H3MeHeHHIO yrvia MayqeHHA KpHBOH, 
3biesseTcA HeyeTKO. Haiitu Temnepatypy Ktopu 4a TpeTbeh casbl HaM He 
yanocb, NOCKONbKy HarpeB MpoBogusca fo 720°. Ilpu ocTpiBanuu MeTeoputa 
or 720° 70 KOMHATHOM TemMepaTypbl HHKaKHX BUMMbIX H3MeHeCHHH B BeMYMHE 
T,, He HaOs0]a.10Cb. 

| Jina onpenenenusa Temnepatypbt Kropu TpeTbelt ashi OOpasell ObiJ1 MOBTOp- 
10 HaMarHH4eH SeKTPOMArHHTOM, HarpeBaJicA B aCTaTHYeCCKOM TEPMOMArHHTO- 
feTpe 20 820°, a 3aTeM OXWax%KMaJICA MO KOMHATHOH TeMNepaTypbl B MarHHTHOM 
tone Semiu. Kak Buguo u3 puc. 3 6, mpu TemnepatType Kriopy, paBuoh 765— 
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10 


mm 


* 


770°, IIpOHCXOLNT pe3koe pa3MarHHUMBaHHe MeTeOpHTa. Ota TemMepatypa CooT- 
seTcTByeT TouKe Kiopw Kamacnta. 

V3 xoja KpHBbIX Ha PHC. 3 MOXKHO 3aMeTHTb, YTO Mepexog U3 PeppOMarHutT- 
HOFO COCTOAHMA B MapaMarHUTHOe WIA HUKEIA MPOHCXOZUT He CKaYKOOOPasHO, 
Kak JIA KaMacuTa Hu wpel6epsuta (Fe, Ni, Co)3P; nostomy TouHO onpeeMTb | 
Temnepatypy KriopH HuKesa TpygaHo. JleTanbHbie paOoTbl NO onpeye.1eHuto 
TemnepatTypb! KiopH HHKesA Obl MpOu3sBexeHbl Beliccom HM COTP., pe3sybTAaTHI 
KOTOpbIX COrlacyloTCA C HalIHMH JaHHbIMH (7). 

Temnepatypa Kiopu, paBHaa 580°, coorBeTcTByeT MarHeTuTy. OnnaKo 2aH- 
HbIe MHHeEpasOrHyeCKOrO aHaH3a Me€TEOPUTa YKA3bIBalOT Ha OTCVTCTBHe MarHe- 
THTa B HeM. Ilo XHMHKO-MHHepaJIOrHyeCKHM JAaHHbIM B SIPAbIMJIMHCKOM MeTEeO= | 
pute xamacuTt (Fe, Ni) cogepxKuT HHKeNA OKONO 6—7%, a T9HUT (Fe, Ni) | 
oKoO 24—25%; UMeeTCA TakKxKe HHKeJbCOMepxKallHH MHHepad wipehOep3HuT 
(Pe, Ni: Cojeak. 

Tlockonbky paOotamu Tonkuucona Obl0 NOKa3aHO, YTO 25% CiMaB HHKeJA 
C 2Kele30M ABJIACTCA NapaMarHHTHbIM WH CTAHOBMTCA (eppOMAFrHHTHBIM TOJIbKO § 
mocyie OXMaxKTeHHA QO Temnepatypbl — 50°, MoxKHO yTBepKaTb, 4TO TOUKA | 
Kiopu, paBpuas 580°, He COOTBeTCTBYeT TSHUTY, a, CIEMOBATEJIbHO, COOTBETCTBYyEeT 
ipenOep3uty 

IIpu ocTbiBaHHH B MarHHTHOM MOVIe MeTeOpHT ipHoOpeTaeT TepMoocTaTog- Ff 
HYIO HAMA@PHMYeHHOCTb, PaBHYIO HAM@rHHYeHHOCTH ero BHelHeH yacTH. TakHM 
00pa30M, MOXKHO yTBepKaTb, TO HAMAFHHYEHHOCTb BHELIHEM YACTH MeTeOpHTa 
ABJIACTCA TePMOCCTATOYHOH, YTO OOyCJIOBJIMBaeTCA HarpeBOM ee BbILUe TOUKH 
Kropu, paBuol 765—770°. 

BuyTpeHHsia vacTb MeTeOpHTa HMesa TeMMepaTypy HwKe, YeM TemMepaTypa | 
Kiopw kamacuTa, MH nosToMy He NpHoOpena NOoMHOH TepMOHaMarHH4eHHCCTH, 
O 4eM CBHJeTeIbCTByeT ee MCHbIMaA HAMa@rHHYeHHOCTb. 


Akajemua HayK Toerynusio 
Aszep6CCP 23 VII 1960 
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Jlornayp Akanemun Hav«e €CCP 
1961. Tom 136, N 3 


MATEMATHYECKAA PH3HKA 


Unen-Koppecnonzent AH CCCP B. B. COBOJIEB 


AMOOY3UA USJIYYEHHH B CPERE C 3EPKAJIbBHO OTPA)KAFOWEXM 
rPAHHLEA 


B 3ametKe astopa (') Oblma paccmotpena 3enaua o andby3un u3sayuenua 
3 MOMyGeckOHeYHON Cpese, COCTOALLET H3 NOCKO-NapaVebHbIX COeB UM Orpa- 
JHYCHHOM 3EPKaJIbHOM MOBEPXHOCTHIO C KOS*PHUNeEHTOM BHYTPeHHerO OTparke- 
IMA, PaBHbIM eCMHUUe. STa 3afaua CBOANTCA K ypaBHeHHIO 


Bt) = \ (Eilt—¢| + Fie + IBN dl + gv). (1) 


0 


ye B(t) — oTHoweHve Koadpuunenta us1yyeHua K KOSppHMeHTY Morsoure- 
{MA (Ha ONTHYeCKOH ruyOuHe +); g(t) — OTHOWeHHe KOSdpHUNeHTa H3ny4e- 
IMA, OOYCIOBMeHHOrO HeMocpeACTBeEHHO HCTOUHHKaMUM M3vly4ueHHs, K KOSddpH- 
[MeHTy MOriOuleHHA; A — BepOATHOCTb BbIKUBAHHA KBAHTa Mp 3/IeMeHTap HOM 
IKTe pacceAHHA, 

YpabuHenue (1) MOKeT ObITb pelieHO MyTeM UCMOMb30BaHHA Mpeobpa3zo0Ba- 
7A Dypbe. O_HakO B YNOMAHYTOHM 3amMeTKe JA pelleHHA 9TOFO ypaBHeHHA 
III MPHMeHeH Apyroh cnoco6, npexox*KeHHbI aBTOPpOM paHee (°). 

B HacTOsllel 3aMeTKe TOT »Ke CNO’OO NPUMeHS.eTCs Asi PeLUeCHHA ypaBHe- 
IM, ABJIAOWWeroca OOOOMeHHeM ypaBHeHus! (1). MMeHHO, Mbl C4uHTaeM, 4TO 
COSPPUMHEHT OTPAKeHHA 3aBHCHT OT yrvia nageHux. B TaKoM cmyyae BMeCTO 
ipaBHeHHA (1) umeem 


By) = =\ PE tie— 2) 4- KG a9¢)) BQ) dl-e2 (x); (2) 
: 0 
ne 


i 


K (t) = \r (Qe 2 (3) 


or 


(¢) — kos@puunenT oTpaxenna; C — Kocuuye yraa nagenua (O<r(f)<1)- 
| Hapsgy c ypapuenvem (12) paccmotpuM ypaBHeHue 


B (t) =\ (Bilt —t/-K (r+ 1B Wal +g (0). (4) 


0 


O6o3Hayan pe30bBeHTBI ypaBHeHHi (2) Hu (4) COOTBeTCTBeHHO 4Yepe3 


* 
"(t, ¢) u [T (t,¢) u, nelicrpya Tak 2Ke, Kak paHbule (', ”), NOJyuaem CJlely10- 
(Me ypaBHeHHA JIA ONpefeseHHA Pe3OJIbEeHT: 
| 


orf a = (x) (1), 5) 


Or aor . 
ae gE Tl (2), 
ort 


rie @(t) =F (0,1), ®i(t) = Tr" (0,1). Takum o6pagom, saqaya cBoguTcs K 


* 
—Haxowyennio dyukunkh P(t) un. (7). 
Bpeyem (Ba BCNOMOraTeJIbHbIX ypaBHeHHA, NonowuB B (2) u (4) g(t) = 
=e-/é, O6o3Na4aA pellleHHaA ZTHX ypaBHeHHH COOTBeTCTBeEHHO 4epes B (t, C) 


u B (t,), OuveBHAHO, HMeeM 


(6) 
vee a: 


Hanee M3 BCHOMOLaTeJIBHbIX ypaBHeHHi NOJLY4aeM 


28 (8) _ _ 1 B(e,t) 4 B(0, t) © (0), 
eee aie ag (t, 6) + B (0, €) O(c). (7) 


Bpenem dyHKIUHI0 


p(n, t)=| Ber ce", (8)| 


0 


XapakTepM3YIOMyIO MHTCHCHBHOCTb H3/1yyeHHA, Aippy3sHo oTpaxennoro cpe- 
JOH Mp OCBeLeHHH e€ NapaJJIebHbIMH JIy4aMH. 
Tlomb3yacb ypaBHeHHuAMH (7), HaxOHM 


B (0, (0, — B (0; n) B (0; 
p(n, ie n) B or sok n) B ( as (9) 


JIna onpewenenna dyuKuuhi B(0, ny) u B’ (0, ) nonyyaem ypapnenus 


B(0,)=14+4 (1+ r (gy POs Bos One ea, 


ir 


‘ : he of (10) 
B'(0,n)=14+4n BY (0m) BO.) 7 = BO. BOE ge 


[Dives ett ny — © 

Sanaya Oo Auppy3HoM oTpaxkKeHuM cBeTa cpefol, OrpaHMYeHHOH 3epKasb- 
HOH MOBepXHOCTbIO, paccMaTpHBaviacb paHee B. A. AmOapuyMAHOM H aBTO- 
pom (cm. (*), ra. VII). YpapHenua (9) u (10) copnagaioT c ypaBHeHHamny 
B. A. AmMOapuymana, HO oTmMyaloTCA OT ypaBHeHHii aBTopa. 

IIpuMenas npveM, yka3aHHbIli panee (cm. (*), ra. IV), MomxHO Tak>Ke} 
NOJYUNTb HOBbIe ypaBHeHHA AA onpefenenun dyHKunh B(O,yH) u B (0, n),# 
a HMeHHO 
1 


1 | 
BO, na(n)=14+ 5a) FOO @ag—Fnl Fou, (ily 
0 


y 1S 


o 


rye 
ay) = 1 gla (12)} 

(M aHanoru4noe ypaBHenie gua B’ (0, ny), oTsanuaiomeecn or (11) 3HaKom} 
nepey r(f)). : 
Cuntaa pyHkunH B(0,y) u B’(0,y) w3pecTHbimM”, MBI Moxem uHaliTal 


gynkunn ® (t) u ©" (t), a sHawT u Pe30JIbBeHTbl HHTerpaJIbHbIX YypaBHe- 
Hu (2) u (4). | 
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IIpuMenum mpecdpasopanne Jlanmaca.k ypaBHeHusM (7) uM BOcnOsmb3yeMca 
SOOTHOWEHH MH (6). Odo3Hayaa 


\ @ (1) e—* dt = G(s), \ ©" (t) es: dr = ® ‘(s), (13) 


nowyyaem 


®(s) = [1+ G(s] F\ ED 1 + edn — 


L 
[1+ & (9) F\ EO 1 — (ny dn, 
0 (14) 


1 
® (s) = (1 + © (5) 5) FEM =r (ny dq — 


; —[1+ 0 (s+ Gm + r(n)| dn. 


S217 


M3 (14) np nomomy (10) Haxogum 


1 1 
mi rn B(O n) 1° BAO, m) 
(+5) (1-a); a) = 1 - sR ayt+y\io, r(n)dy. (15) 
; 0 0 


Jaa Bpruncnenua M(t) no dopmyse 


{ c--ioo 
O(r)=5, | Dieeraz (16) 
c—ioo 
(celyeT IPHHATS BO BHUMaHHe, YTO tbyHKunA D(z) uMeeT TOUKY pasBeTBue- 
Hua z= —1 w nonmoc z= —R, rye k onpefenniotca “3 ypaBHeHHA 
. {tk 
{ a: zal. (17) 


Yuntpipaa TakoKe cooTHoulenve (11), mytem KOHTypHoro MHTerpHpoBaHHA 
Tony yaem 

Oe gh 2 N\ es 
1 (Am)? + (2x + In as 1) 


xe, Aide dx 


(18) 


rye 


1 
k (1 — k?) At -B (0; ) 
C= spear! tlt 


\ 
0 0 


A(n)=14+r(—Fn\ Pu —rimyr @de — 


1 
A CBO, 
| ey rin) —r Cas (20) 
0 
3fecb Mpefnonaraetca, uTo cbyHKuNA A(yH) He HMeeT OCOOeHHOcTel, Mpenar- 
2TBYIOWNHX Nepexogy or (16) k (18). 
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Bpipaxkenne Jin (PyHKUAH ®' (t) noayuaercs v3 (18) samenoii r (€) wa — r (C6). 
OrmetuM Ba uaciHbIx cyyan dbopmysb (18). Ilpu orcytcrBua BHYTpeH- 
Hero oTpaxkeHua (r = VU) Toyyaem 


1 i 
ele te) A 9 (6) eK) Cale 
C@=se[ —zlitet]=[zlaaa | ec 
j 
ur i OC) cee as! : 
A(n)=1—pn\ 2B a= op. (22) 


rie p(n) — dynkunsa AmGapuymana. Tlogcrapana (21) u (22) B (18), mpHxo™ 
uM K (popmyse, HaligenHoh panee MW. H. Mnunipm (4). 
Tipu nomHOM BHYIpeHHeM OTparxkeHHH (fr = 1) HMeem 


k(1— RP 
Ck) = a, Atm) = 2. (23) 
Tlonctapnas (23) B (18), nomyaaem dopmyay, HaliqeHHy1o paHee aBTopom (°). 

Ypapuenua Tuna (2) MOryT BCTpeTHTLCA B pasM4HbIX 3anayax. YKaxemM JBe 
M3 HHX. 

1. Ilyctb qudpy3ua u31yyeHHA B CNeEKTPabHOH JIMHHM MpOMCXOLUT B pac- 
WHpsAtouleHicA NaHeTapHOM TyMaHHOCTH MM OGONOUKe HOBOH 3Be32bI. Bynem 
A MpOCTOTb! CUHTAaTb, YTO OGONONKA OONaaeT CcbepHyeCKOH CHMMeTpHeH H ee 
TOJILMHa Mala NO CpaBHeHHIO C pacCTOAHHeM OT WeHTpa 3Be3gbI. IIpumMem TaKxe, 
YTO pacceAHHe H3/JyYeHHA ABJIAeTCA KOFeEPEHTHbIM HW KOHTYP kKoOsdPuWMeHTa 
NOrJOWULeHHA MpAMOYrOJIbHbIM. Ecaim oOoN04Ka HEMOABHXKHA, TO HHTCEHCHBHOCTb 
H3JYYeHHA, BbIXOJAMerO Yepe3 BHYTPeHHIOIO TpaHHlly OOONOUKH, paBHAeTCA 
HHTCHCHBHOCTH HM3JIYYeHHA, MpPHXOMAMLErO OT NPOTHBONOMORKHOK CTOPOHb! O6O- 
JOUKH (T. €. HMeeT MeCTO «MOsHOe BHYTPeHHee OTparKeHHe»). B STOM Cyuae 
3aaua CBOQUTCA K ypaBHeHnio (1). Ec ke oO004Ka pacuMpxAeTcCA, TO, BCNeT- 
cTBue adpexta Jlonnepa, TOMbKO YaCTb KBaHTOB «OTparKaeTCA» OT MPpOTHBO- 
NOJOXKHOH CTOPOHb! COoOUKH. B 9TOM Cuyy¥ae 3aaya CBOJMTCA K ypaBHeHHIO: 
(2); Pile a7 BG) — 1 ——¢ mpu —t< lu r(t) = O npu —E>1 (uv — cKo- 
poOcTb pacuiMpeHHuA oO6o0UKM, WU —CpeMHAA TemOBaA CKOPOCTb aTOMOB). | 
IIpenctapaseT nHTepec oOoGuleHve ypaBHeHHA (2) Ha Cuyuai HeKOrepeHTHOrO: 
pacces Hus. 

2. Ilyctb gudbby3ua u3zsnyuenuaA nmpoucxoLNT B BOMHOM OacceliHe. ITOT 
Mpouecc ONMCbIBaeTCA ypaBHeHHem (2), B KOTOpoM r(¢) naeTcA opmyvioH Dpe- 
Hea. Jia MpHOMKeHHA K peabHbIM yCJIOBHAM MpecTaBAAeT HHTepec O600- 
UleCHHe ypaBHeHuA (2) Ha CJly4al HeEM30TpONHOrO pacceAHHA. 


Tlocrynnso 
28 X 1960 
WHTHPOBAHHAS JIMTEPATYPA 


1B. B. Co6omes, JAH, 129; No 6 (1959), 928) By Co 60 me Byes Aeli6s 
Ne 1 (1957); 120, Ne 1 (1958); M38 AH ApmCCP, cep. cbu3.-matem. Hayk, 11, Ne 5 (1958); Actp. 
xaKypH., 86, Ne 4 (1959). 3B. B.Co6o.es, Tlepenoc nyunctoi sHepruH B aTmoctbepax — 
3Be3i H nlaneT, M., 1956. 4 WU. H. Muuunu, JAH, 120, Ne 1 (1958). 
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| 04 MM | 
Puc. 1. a— H = — 10 apcr.; 6 —H =0; e@= 10 apcr. 


+ 


ry 2 0,4 MM | 

r. Puc. 2. a— H = — 220 spcr.; 6 — H = 0; 6 — H = 220 apcr. 
4 

5 

} 


| 0,05 mu | 
Puc. 3. a — H = — 200 apct.; 6 — H = 0; 6 — H = 200 opcr. 


LAH, tT. 136, Ne 3, KupenckHii, Bypapuxau 


* * | 
i) . 
; 

“4, 
b 
z 4 
oa 
‘ 
a 

' 
#ii 
i ' 
age vie Vet 


— 


Wornagn Akagemun nayr CCCP 
1961. Tom 136, Ne 3 


PHSHKA 


JI. B. KAPEHCKHH u B. A. BYPABHXHH 


O MOJISPHOCTH FPAHHL AOMEHOB B TOHKHX 
®EPPOMATHHTHbIX NMJIEHKAX 


(ITpedcmaeneno axademukom A. B. Ily6xnuxoeoim 9 VIII 1960) 


BpeweuwwWe. 3a nocneqHve Tombl M3y4YeHHIO TOHKHX deppOMarHHTHbIX 
WIeHOK yenseTcA Oombuice BHHMaHHe (11°), 

\ Pesyabtate! H3yYeHHA TpaHul, MOMeHOB B TOHKHX (eppOMarHUTHbIX CJIOAX 
§ PAMKAX BOMpOca 0O UX NOMAPHOCTH MOXKHO CBECTH K CyIeMyIouleMy: 

1. B oTHocuTebHO TONCTHIX (beppOMarHUTHbIX MI@HKaX H3MeHeHHe BeKTOpPA 
faMarHHYeHHOCTH B PpaHHYHOM Cle TaKOe Ke, KAK HM B MACCHBHbIX KPHCTaJ- 
mTax. Jina 180°-ro coceacTBa BeKTOp HAMarHHYeHHOCTH B PpaHH4HOM Cw10e M0- 
‘TeNeHHO H3MeHAeTCA Ha 180°, ocTaBascb BCe BpeMA B MMOCKOCTH rpaHHUbl. 
(akoro THMa rpaHUUbl, CnelyA yCTaHOBMBIIelHCA TepMHHOMOrMH, OyeM Ha3bl- 
WaT TPA@HHuUamMUu HBuoxa. 

2. B Oonee TOHKHX cheppOMarHHTHbIX MWIeHKaX BeKTOP HaMarHHYeHHOCTH 
} 180°-om rpaHHuHoOM cylo0e He eX*KHT B MOCKOCTH 3TOrO cm0a. CtpykTypa TakoH 
(PaHHUbI MOMKeT ObITb CaMOM pa3sHOOOpasHOH. Tako THN rpaHHi, OyfeM Ha3bl- 
MaTb WIA KpaTKOCTH TpaHuuamu Heewa. 

3. B HEKOTOpbIX CMyYaAX HaOMOMAaIOTCA Tak Ha3bIBaeMble JBOHHbIe TpaHHy- 
ible CJIOH WIM CIBOeHHbIe PpaHuupl. Takand rpaHuia npescTaBsineT CoOoH CucTemy 
3 JByX O4e€Hb ONH3KO pacnooOx*KeHHLIX Apyr oKONO Apyra rpanuu. IIo o6e 
TOPOHbI TaKOH PpaHUIlbl HAMAPHUMYeHHOCTh HalipaBvieHa OfMHAaKOBO. IIpu Ha- 
(OX%KCHHH NOIA NpOTHB Tak HalpaBJIeHHOM HaMa@rHHYeHHOCTH panna ABHO 
A31BaMBaeTCA, NpeBpalllanch B JOMeH COpaTHOH HaMarHH4eHHOCTH. 
,OKcNepuMeHTaNbHAA YacTb. I[lonaApHocThb rpaHH AOMeHOB 
isyualaCb Ha TOHKHX (eppOMarHUTHHIX MVIeHKaX, MOJYYeHHbIX TepMHYeCKHM 
‘amblmeHHem crviapa 17% Fe, 80% Ni, 3% Mo B Bakkyme 2-107° MM pT. crt. 
la CTCKMAHHbIe MOANIOKKU, HarpeTble go 350°. Ina co3qaHHa OHOOCHOM 
IHM3OTPONLM FO BPeMHA NOJyYeHHA MVeHOK MpHKJiagbiBanocb mone 100 sper. 
‘OMULMHA MONYYEHHBIX MJIeEHOK OMpefenAach Ha YHUBepCaJIbHOM MOHOXpOMa- 
ope YM-2 meronom muuuii papnoro xpomaTuyeckoro nopsgKa ("). Msyuenne 
PaHHl, JOMEHOB MpOBOANNOCh METOJOM NOPOWIKOBEIX Uuryp MpH NOMOMM MUK- 
ockona MBM-6 na npespaputTenbHO pa3sMarHHyeHHbIX MVIeHKaX. ; 
Ha pune. 1 mpegzcrasnena JoMeHHaa cTpyKTypa MWvieHKH TommMHOH 560 A 
XapaKTepHBIMU JBOMHbIMH FpaHvIHbIMH COAMH. B OTCyTCTBHe MONA STH CIO 
BIPIALAT KAK MOUTH MpsAMble OYeHb TovIcTbIe HHH. Ilpu nanowKennu Noss, 
DPMa/bHOFO K MJIOCKOCTH MVIeHKH, ACHO OOHAPy2KHBaeTCA, TO FpaHUllbl JeH- 
TBUTe/IbHO JBOMHbIe, IPHYeM MOMAPHOCTb HX MpOTHBONONOKHaA. Tak, B Nowe 
- 10 sper. BepXHAA rpaHulla TaKOrO ABOHHOPO CJIOA BbIABJIAeTCH BECbMAa Pe3KO 
OTYeTJIMBO, TOPa KaK HWKHAA e1Ba pagiMuuMa, B Movie »%Ke +10 spcer., Hao6o- 
OT, CBA PpasIMYMMOH OKA3bIBaeTCA BePXHAA paHHa ABOMHOFO CJIOA, Tora 
@K HY2KHAA BbIPHCOBbIBaeTCA pe3KO H OTYeTIHBO. OueBHAHO, YTO FpaHHpl 
Bootsion Cl0e B JaHHOM CJlyyae HMeIOT IMPOTHBONMOMOKHYIO NOJIAPHOCTb H 
peacTapnsioT co6oro rpaHnubl Tuna Baoxa. 
|Ha pune. 2 npenzcrapiena JoMeHHad CTpyKTypa NweHKH TommMHON 1450 1M 
‘OTCYTCTBHe MOA JOMeHHaA CTpyKTypa UpescTaBAeT COGOIO MOUTH MCCKO- 
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ok. ae 


‘ | 
TapassiebHble JOMeHbI C XOPOIIO BHIABJICHHBIMA TOHKMMM rpaHuiamu. IIpu 
HaJlOX%KCHHM HOPMAJIbHOPO K MWIeHKe MarHUTHOrO NomA 220 spcT.rpaHHUbl OKa3bI- 
BalOTCA OUCHb OTUETVIMBO BbIABJICHHBIMH yepe3 ofHYy. IIpH HanoxwKeHHH MpsAMO 
TIpOTHBOMOIOXKHO HaMpaBJIeHHOrO MONA TOM xe HaMpAxKeHHOCTH HaOsOMaeTCA 
aHaJlOrHuHad KapTHHa C TOM JIMIb pasHHue, YTO Ca6o0 BbIpaxKeHHble FpaHuUpl 
OKa3bIBaIOTCA Pe3KO BbIABJICHHBIMH MH HaOOOpoT. Takum OOpa3soM, NOMAPHOCTh § 
TpaHul, yepefyeTcA, TO He HaOsOfaeTCH Ha MAaCCHBHBIX (cbeppOMarHHTHbIX 
KpucTammutax. Tloka3aHHad Ha pic. 2 3aKOHOMepHOCTb OOHAapyxKeHa Ha OONb- 
IUOM 4HCJIe (beppOMarHUTHBIX MvieHOK. OueBHAHO, BO BCeX STHX MVIeHKaX rpa-| 
HMYHbIe COM Obliu Tuma Buoxa. 

Ha puc. 3 npeacTapnen uno cnyyait. B nnenKe TommnuHoli 480 A B OTCYT- | 
CTBHe MOIA JOMCHHaA CTpyKTypa BbIABIeHa B BUJe He OYeHb Pe3KHX, NOTH | 
MapasviebHO pyr Apyry wAyuiux rpanuy. Tipu wanoxenuu HOpMaJIbHOrO 
K MIOCKOCTH MvIeHKH MarHHTHOFO MOJIA HaNpsAxKeHHOCTHIO 200 spcT. MHHU OKa- | 
3bIBaIOTCA BbIABJICHHbIMM Ooslee OTYCTIMBO, MpHyeM BCe B OMHAKCBOH CTeneHH. 
Tlpu HaioxKeHHH MpAMO MpOTHBONONOAKHOrO NOA TOH Ke HaNpA*KeHHOCTH 
KapTHHa NowyuaeTcA MpakTHyeCKH MJeHTHYHOH. Tako pe3yibTaT MOET M0- 
JYYUTHCA TObKO B TOM CJly4ae, CCIM PpaHH4HbI COM He ABAAeTCA rpaHuued | 
Tuna Broxa. OuyepugqHO BeKTOp HaMarHHYeHHOCTH B TaKOM TpaHH4HOM CwIOe | 
MMeeT OTHOCHTEJIbHO HeOOJIbIUyIO H B Pa3JIMUHbIX MeCTAX PpPaHUlibl pasvM4HYytO 
HOPMAJIbHY!O Cylaralollly!0, KOTOPaA MOKET TOJIbKO YCHJIMTbCA MPH Ha/lO%KeHHH | 
TaKOrO, CPaBHHTeJIbHO OOMbWIOrO, HOPMAaIbHOrO K MOBePXHOCTH MVIe€HKH Mar- 
HHTHOrO Nowa. HaOmiofeHua Takoro pofla rpaHull TakxKe ObIIM NpoOBejeHE | 
HeEOJHOKpaTHo. 

Bupogopu. 1. B TOHKHX PeppOMarHHTHbIX MJIeHKaX CABOeCHHbIe Pp aHHUbl | 
lipescTaBraioT coOo1io rpaHuubl Baoxa MpOTHBONONOXKHOM MOMAPHOCTH. ITOT 
BbIBO, HAXOMMTCA B CormacHH C TeopeTHYeCKHMU HCCefoBaHHAMU Kauepa (°). | 

2. Tpanuust Baoxa B TOHKMX (eppOM@rHUTHBIX MIeHKaX MMeIOT Yepenyio- | 
IyIOCA NOVApHOCTb. BecbMa BO3MOXKHO, YTO 3TOT ChakT HMeeT YHCTO UCTOPHue- | 
cky10 MpHyunHy. B MoMeHT OOpasoBaHHA 3apOsbllia NepeMarHH4HBaHHA OrpaHH- 
YMBalOWlve erO PpaHHUbl BMOIHeE NOJOOHLI ABOHHBbIM CJIOAM H, CJIeEMOBaTeJIbHO, | 
JOJKHbI HMe€Tb MpOTHBOMOMO*KHYyIO NOMApHoctb. Ilo Mepe pocta 3apompiua 
M MpeBpallleHHA erO B JOMeH HET NPHYHH WA MepenowApH3alMu rpaHHu, yxKe 
MOJIYYMBLUAX BIOMHE ONpesesIeHHY!O NOMAPHOCTb. Y BHOBb BOSHMKAaIOULero 3a- 
POMbILWa PPaHHUbl, BOSMOX*KHO, OOpasyl0TCA MOM HEKOTOPbIM BJIMAHHEM yrKe Cy-| 
ILeCTBYIOWMX TpaHHU, 4YTO H MpeoOnpesenAeT MOMAPHOCTb HOBBIX PpaHHll. 

3. Ppanuiubt Heed He MMeIOT pe3KO BbIPaxKeHHOH MONAPHOCTH H C HaNOXKE- | 
HWe€M JlOCTaTOUHO CHJIbHOTO MarHUTHOrO MONA, HOPMa/IbHOrO K MJIOCKOCTH 
TJIGHKH, BbIABJIAIOTCA Ooee OTYeTMMBO. TakHM OOpa30M, HawlOxwKeHHeEM HOP 
MaJIbHOrO K IJIOCKOCTH MJICHKH MAPrHHTHOrO NOJIA MOMKHO CeaTb HEKOTOpble 
3aKJIOYCHUA O XapakTepe PpaHHUHbIX COeB B Hel. 


Vuctutyt cbu3uxu Tlocrynuio 
Cu6upcxoro oTgeieHua AKagemun nayK CCCP 8 VIII 1960 


UWHMTHPOBAHHAA JIMTEPATYPA 


1F. Bloch, ‘Zs. 1. Phys., 74, 295 (1932) IN ere (Ca et bes ceo 
als illiams, R. Sherwood, J. Appl.Phys., 28, 548 (1957). 4E. E. Huberg 
D.O.Smith, I. B.Goodenough, J. Appl. Phys., 29, 294 (1958). ®JKaszer, 
J. Appl. Phys., 29, 569 (1958). ®H. Stephani, Wissensch. Zs. der Friedriche 
schiller-Universitét, Jena, Jahrgang, 7, 1957/1958, Math.-Naturwiss. Reihe, H. 4/5) 
(1957/1958). 7H. W. Fuller, H. Rubinstein, J. Appl. Phys., 30, 84 (1959)q 
® R.M. Moon, J. Appl.) Physeans09 1926 (1959). RIYA (G onminy AUeOsdeannenm 
J: Phys. Soc. Japan, 15, 535 (1960).. 1° H. R wb iimet ein, Hy We iu em 
M. E. Hale, J. Appl. Phys., 31, 437 (1960). ™4U.H.Ukaapespcexuad, Ontuxa 
w cnexTpockonus, 5, 617 (1958). | 
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VTokuage Akafemun nayr CCCP 
1961. Tom 136, Ne 3 


PHZSHK A 


JI. Ji. KPYWHMHCKHH u A. 1. WOPbIFHH 


YYUET KOJIEBATEJIBHOM CTPYKTYPbi YPOBHEHM 3JIEKTPOHHOrO 
BOSBY KAEHUA MOJIEKYJI B KBAHTOBOH TEOPHW PACCEAHHS 
CBETA 


(IT pedcmaeaeno axademuxom A, H. Tepexuxoim 21 VII 1960) 


1. B pa6ore (*) OblI0 MOKasaHO, YTO KNaccHYecKaA TeOpuA NpHMeHUMa AIA 
IHCaHHA CHeKTpOB KOMOMHAaMOHHOrO paccesHusA (c. K. p.) BO BCell O6nacTH 
030yKMaIOMUX YaCTOT JIMIUb Mp BeCbMa OOJIbLIMX KOHCTAHTAaX 3aTyXaHHA Yop 
OOTBETCTBYIONAX IJIEKTPOHHO-KOVIeOaTeJIbHbIX OCUMIATOpOB. I]pH MeHbuiux 
‘en pellalollee 3HAYeHHe MpHoOperaer yuer KOuIeGaTebHOH CTPyKTypbI ypOBHA 
O30y2KNEHUA, MOCIeTOBaTeNbHO OCYLIeCTBUMbIH JIMLIb B KBaHTOBOM Teopun. 

[leHTpaJIbHoe MeCTO B KBaHTOBOM TeOpHu pacceAtHUA CBeTa MOsIeKyJamu (?) 
AHMMaeT AaHAaJIM3 paciipeleeHHA BKMAaIOB KONeOATeIbHbIX NMOLypoBuelt B 
{aTPHUHbIe SIEMCHTHI NOJIAPH3yeMOCTH, ONpeneAIOULHe HHTCHCHBHOCTH JIMHUH B 
ekTpe. ByJleM Ha3bIBaTb BKJIaOM U-rO NOypOBHA pacCMaTpHBaeMOroO ypoOBHA 
JIEKTPOHHOTO BOSOYKJeCHUA B MATPHUHbIi 21eMeHT NOMAPU3yemocTH a™”" (cooT- 
JeTCTBYIOWIMM KOJIeOaTeIbHOMy Tepexoly m-—n) BenMunHy 


Ag” = F (v, 0) <a | Moe (r) | m> <0 | Moe (r) | n), (1) 
DA Lee In D en 
me F(v, 01) =——, aflee Msi —+— — YacTOTHbI -aK- 
Megha 214 00 Ven — VE (Ven — YT PY 9) 
rop (vp — YacTOoTa rcpexofla Ha U-H NOypOBeHb BoO3OyxeHHOrO COCTOSHHA 
2 M-FrO MOypOBHA OCHOBHOTO , COCTOAHHA; Yev — WHpHHa v-ro MOLYpoBHA; 
¥,, — H3MeHeHHe YacTOTb! OTOHAa IIpH paccesHHH; Vv— yacToTa Bo3sbyxKsal0- 
tero cpeta; Moe(r) — MaTpHUHbIM 2/IeMeHT MOMeHTa Tlepexoga, CKOHCTpyu- 
POBaHHbIM U3 SJIEKTPOHHbIX BOJIHOBbIX (YHKILHH,; f —MeKTyAepHoe pac- 
-TOAHHe). OueBugaHo, uTO 


i \ I ; 
eer = >, Aen (2) 
Q 

CoorHomleHve (2) MoxKeT ObITh NoulyyeHO H3 opmyvibl Kpamepca — Vai- 
geHOepra, CCIM MOMHY!O BOJHOBYIO (YHKIUMIO (ABYXaTOMHOM) MOVJIeKYJIbI pac- 
‘MaTPHBaTb B afMaOaTHuecKOM MpHOsmKeHnu. Jin MpocToTbl MbI orpaHHun- 
3a€MCH OMHHM YPOBHeM BO30yxKJeHHA HW PacCCMaTPHBaeM TOJbKO [MaroHadJib- 
ible 3JIEMeHTbI TeH3OPa MOJIAPH3yeMOCTH *. 


2. Bpipaxkenue (1) 3HauHTeIbHO yMpoOlllaeTCH B KOHJOHOBCKOM NpHOsHxKe- 


min 


IH, ipesnouararouem, uTo Mo, (r) = const. [Ip arom Ay’ =F (v, 0) MieBo = 
ge lV, v) Moe (vu, m) (v, n), The AAA MHTerpanOB NepeKpbiBaHHA KOeOaTeMb- 
HbIX BOJIHOBBIX PYHKUMG MpHHATO OOosHayeHHe (Vv, m) = <v|1|m). 
Han6onee mpocTo HHTerpaJbl MepeKPbIBAHHA BBIYHCJISIOTCH MPH HCTOJIb- 
3OBaHHM BOJIHOBbIX (YHKUHH rapMOHHYeCKOTO OCLHJJATOPa, ocodeHHO B ua- 
‘THOM CJly¥ae, KOra MOTeHIHaJIbHbIe KPHBbIe OCHOBHOrO h BO30yKeHHOTO 
‘OCTOAHHH MeIOT OMHAaKOBy!O (OpMy, HO CABHHYTbI OTHOCHTeJIbHO [pyr 


|. ae TE as 
_ *.Dlomyuenupie Jasiee pesysibTaTbl HETpyAHO OOOOWMHTh H AA HEAWALOHATBHBIX I€MEHTOB, 


‘VULeCTBCHHbIX IIpH H3yY4eHHH pe30HaHCHOTO paccexAtHHs. 
| JIAH, T. 136, Ne 3 oti 


apyra. Ucnonpsyxt MeTog, OM3KHH K ONMcaHHoMy PtoaHom (*), MOxHO Mo- 
Ka3aTb, 4TO B 3TOM CJly4ae * 


= [(0, 0)? = me SS) ; 


= (v, 0)(0, 1) = sp exp(— CAV e ay (32): gy 


2 2, 0-1 
BY = (0, 0) (0, 2) = — ne us ee wee x 
ce Na _ 
(ett) = 202 +u(v 1)|, 
re & = 4n?cuw,/h—napamerp, xXapakTepuH3yrolquh PopMy MOTeHIUMaJIbHbIX 
KPHBbIX (@ — IIpHBeJeHHaad Macca, Wp — yacTOTAa KoseOaHHh sgep); A= 


== 2h, — Ty —— Pa3SHOCTb PabHOSecuMx MeXK]Y ATED HbIX paccTOAHHu BO30YyK eH- 
HOrO H OCHOBHOTO COCTOAHHH. 


Benuunnpr Be” OO laWaloT CJIELYIONIHM’ BaXKHbIM CBOMCTBOM; 
co 
|, eco Wet 
ny= i ‘ (4) 
0, een man. 


QTOT pe3yilbTaT BepeH pH 
060M BbIOOpe KOsleOaTeb- 
HbIX BOJIHOBbIX (PYHKUHH, JHIIb 
Obl OHH OOpasOBbIBaJIH MOJI- | 
HYIO OPTOHOPMHPOBaHHy!O CH-— 
cTeMy. ; 
OuepugHo, ecu M,,(r) = 
= const, To a! = a*=0 mpu 
A=0. Hanporus, Hecmeltex- 
Hoe pacceAHHe cylllecTByeT | 
vu ipnh A=O 3a cuer BKJaqa 
nolypoBHa c v= 0. 
PacnpemeneHue  BKJIaOB 
TOYpOBHeH B  MaTpHUHbIli 
auieMeHT a (6e3 yyeTa YacTOT- 
Horo (bakTopa) Komupyer 
CTpyKTypy Mowocbl Norsornse- } 
HHA WH XapakTepusyeTca of- 
HHM MaKCHMYMOM, BHOCHMbIM 
(bpaHK-KOHOHOBCKHM mlod- 
ypopHem v° = E(aA?/2) (cumpon E(s) osnayaer Omxalimiee K s tesoe 


uncuo). Bce By >0 u, B cormacuu c (4), =Be = 1. @panK-KoH,onoscKult 


MOMYPOBeHb UV, OMHAKO, BHOCHT HyseBoi (61H3KHH kK HyJ10) BKay B aol 
(H B TO Ke BpeMA HavOObUIHH MO MOLysMO OTPHaTebHbIi BKaq B a). 


Bennunner By! Aa rpynn roxypoBHei, mexkallnx Bblle H HuKe U*, UMeIOT 
NPOTHBONONOKHbIE 3HaKH; B Cordacuu ¢ (4) = Bs! = 0. JiBym noxyposnam 


(UV, H Ug) OTBeYaIOT SKCTpPeMaJIbHble 3HayeHHA Bu (H OM3KHE K HyJIO 3Ha- 


02 
yeHua B,); MpH ocTaTouHo Oompmux A OHM pactonowKeHbl CHMMeTPHHO | 
OTHOCHTeJIbHO U*: 


On2= E[t/,(2x?42x+1)], x=Va/2A. Pern 


Pacnpegenenne B°? xapaktepusyetcs TpemaA 9KcTpemMyMaMH (4Ba MakCHMy- 
Ma H OJMH MHHHMyM). 


* 
Bes orpaHHueHHs O6ULHOCTH MOXKHO CYHTaTD, uwtom=0;n=0,1,2,... COOTBeTCTBEH- 
HO HECMCLI€HHOMY PaCCeAHHIO, OCHOBHOMY TOHY, NepBomy obepTory Bice Kap. HT. A. 
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IIpH HepesonaHcHOM Bo36yxJeHUH creKTpa (v<‘¥v,y) yuyeT uyacTOTHOrO 
pakTopa ipakTH¥ecKU He MeHAeT XapakTepa pactipeseeHHA BKMAaOB NOLypoB- 
je, 4 IPH pe30HaHCHOM BO36yxKJeHHH, HaOGOpOT, HIpaeT pelmlaronly!O poub 
TIpH HeOOJIBIINX KOHCTAHTAaX 3aTyXaHHA JOMMKHO HaOMOMaTECA pesKoe mpeob- 
laaHve BKaOB ONHOrO—fByX MOAypoBHeli H BMeCTe C TeM 3HAYHTebHOe yCH- 
1eHHe OOepTOHOB, T. e. NpHOMxKeHHE K pacnpeseseHHlO HHTeHCMBHOCTH, Xapak- 
‘ePHOMY JIA pesOHaHCHON diryopeculeHIMh). 

3. Herpyquo noKkasaTb, YTO NOMyYeHHDIe KaveCTBeHHbIe BbIBOJbI COXpa- 
IAIOTCA H B TOM CJIly4ae, KOra POPMa MOTeHIMAJIbHbIX KPHBbIX OOOMX JJIEKTPOH- 
ibIX COCTOAHMM pa3siM4Ha. Anas 3aBMCHMOCTeli, NOJIyYeHHbIX TO MeTORY 
ManneOaka (*), IpHBOMNT K BbIBOLY, YTO M3MeHeEHHe (OpMbI NOTeHUMAMbHOli 
‘PHBOH IPH SIeKTPOHHOM BOSOyxKeHH He OTPaxKaeTcA Ha UNCe NOLypOBHe;, 
sHOCHIMMX SKCTPeMAJIbHbIe H HYVJICBbLIC BKJAabl, a JIMUIb HeECKOJIbKO H3MeHAeT 
IX pacnolowenve. Tunnunblii mpumMep pacnpeserteHuA BKaOB NOxypoBueli B 
MATPHYHbI€ SJIEMeCHTHI MOJIAPH3yeMOCTH H300paxKeH Ha puc. |. 

4, OKCiepuMeHTaJIbuble JaHuble (°) MOK IbIBAIOT, YTO TeOPpuA, MpeHeOperaio- 
aad OTCTYM€HHAMH OT KOHJOHOBCKOTO IipHOMKeHHA (T. €. 3ABHCHMOCTHIO 
Me OT r), HE MOXKET MpaBHJIbHO OObACHHTb 3aBHCHMOCTH HHTeHCHBHOCTH JIMHHK 
<OMOMHALHOHHOrO paccesHUA UACTOTHI BOZOyxKalOllero CBeTa Ha 3HAYHTEIbHbIX 
JACCTOAHUAX OT MONOCHI MormoueHua. B nepBoM npvOmWKeHHM MOKHO CUHTATH, 
ITO 


Moe (r) = Moe (1 + nr. (6) 
Mopmysa (1) Torqa MpHHUMaeT Buy 
Ag” = F (v, 0) (Moe) ((v, m) + 9 (2, rm)} [(, n) + 1 (0, rn)], (7) 


wie (v, rm) = <v|r|m). 

PaccMoTpuM BJIMAHMe 3aBHcuMOCcTH (6) B Cilyyae, Korga opma moTeH- 
(HaJIbHbIX KPHBbIX (MapaOon) OAMHaKOBa B OCHOBHOM H BO36y2KJe@HHOM 3/1eK- 
‘POHHBIX COCTOAHHAX. BaMMCJIeHHA NpHBOAAT K CeLyiomuM dopMylaM AIHA 
‘1KaoB MOokypoBueh (Oe3 yyeTa YaCTOTHbIX akTopos) *: 


BP = a7") exe (— 5) I 
BY = eee exp ( (Ay v) 4 (8) 
x [(l-+ nt) (1 + nf + ot) — Zh (2+ 2nr, + Ab )o+ dee} 
= ye 4 aon Rees). — oy ska heer 1)| exp ae a) x 


«(U4 07) (1+ 0, +) — St nr, + hot am | 


B 9THX opmynax 7) =Ye(ro+ ro), A+). | 
SameTuM, 4TO Npefzctapmenue M,,(r) B dopMe (6) AONyCTHMO JIMUUIb B He- 
OJIbINOM HHTepBayle f, KOTOPbI, OMHaKO, MOCTaTOYVeH JIA BbIMHCJICHHA 
9, rm). Ecnu dyHKkuna M,,(r) He MeHAeT B HEM CBOerO 3HaKa, TO OCHOB- 
ible OCO6eHHOCTH pacnpesevieHHA BKJIaOB NOAypOBHeH OCTatOTCA TaKUMH Ke, 
aK H B KOHJOHOBCKOM TIpHOauxKeHHH. B IpOTHBHOM cJIydae paciipezemenne 
Kaqop Oojee WIM MeHee 3aMeTHO H3MeHAeTCA (MOABJICHHE JONOJHUTEIbHbIX 
He€aKkTYaJIbHbIX» MOfypoBHeli u akcTpemyMosB). IIpH 3TOM JOJKHO HMeTb 


e€cTO pa3f—qBoeHve mosochl mornomenua: npH v= E[(aA/y) (1 a nro) 


| Yuet 3aBucumoctu M,, (r) (B 11060 dbopMe) IpHBOLUT K HapyllleHHto CyMMap- 
of KOMMeHCaLHH BKnagos AY! vu A°’, ecm axe NpeHeOpeyb pasHuHAMH 4a- 


* Wurerpanni (v, rm) spruncaenbl mo metogy Baruepa (°). . 
| 5* 579 


CTOTHBIX MaKTOPOB OTJeMbHbIX NOAypoBHeH. Ecsm ucxoquTb H3 (8), TO He- 
TpyHO M0Ka3aTb, TO 


>) BP = 1-+.2nr. + 7? (ro 4 sae 


B a 


Dara tad: See = TP a ) 


v U 


T. €. MOXKHO CUHTATb, YTO Ha OUeHb OOJIBUINX paCCTOAHHAX OT OONACTH pe3o- 
HaHCca (IllaveKOBCKanh OOaCTb BO3Oy2KJe€HHA) BO3SHHKHOBeHHe JIMHHH KOMOH- 
HaIlHOHHOrO paccesHusa 1-ro H 2-ro NOPAAKOB ONpeseAeTCA OTCTYMICHHAMH O 
KOHJOHOBCKOrO MpHOMxKeHHA, TOra Kak BOMM3H OT OOMACTH pesOHaHca B 
6OJIBUIMHCTBE CJIy"aeB aBHY!O POJIb HIpaloT pa3ssIM4HA B YACTOTHBIX (pakTOpax 
OTJCIbHBIX NoOfypoBHel, Hapylalollve CyYMMApHy!O KOMITeCHCaMIO BKJIaOB, 
5. PacueTbl 10 MeTOLy TeOpHH BO3MYLLeEHHH MOKa3bIBalOT*, 4TO yyeT aHrap 
MOHHYHOCTH KONeOaHH Aep He BJIMAeT Ha OOULYIO CTpyKTypy pacmpememenua 
BKJa0OB MOMypOBHeH, OHAKO 3HAYHTeNIbHO H3MCHAeCT HHTeCHCHBHOCTL JIMHHH 
KOMOHHAMHOHHOrO paccesHHaA. AHTapMOHHUHOCTh KOeOaHHH B BO30y2KeHHOM 
COCTOAHMH HaHOoslee CyllecTBeHHa BOH3H HU B OONacTH pesoHaHca. Ee BulMAHHE 
MNpOABIAeTCH KaK 3a C¥ueT H3Me€HeEHHA ChOPMbI NOTeHI[MaIbHOH KPHBOM (CKa3bI- 
BalOlUleMCA Ha BeJIMYHHAX BKJIaOB HU paCHOJIOMKeHHU SKCTPeEMAJIbHEIX MOAyPoOB- 
Heli), TaK MH 3a CueT CXOZMMOCTH MOjypoBHel (SHadUTebHO W3MeHAIOMeH Wa: 
CTOTHBIe (akToppl). Hanpotus, B MiayeKOBCKOH OOaCTH aHrapMOHHGHOCTE 
BO3OyXTCHHOFO COCTOAHHA MOXKHO He MPMHAHMaTb BO BHHMaHHe. AHTapMOHH4; 
HOCTb KOJIe6aHH BOCHOBHOM COCTOAHHH BOOMACTH pe30HaHCa BHOCHT HeOOJIb4 
wive MOMpaBKH; B NwayeKOBCKOM OOmacTH ee yueT Oovlee CyleCTBeH, HO He Me} 
HAeT TOPALKAa BeIMYMHbI MHTCHCHBHOCTH JIMHHH KOMOUHAIIMOHHOrO paccexHus| 
6. B nnayekopcKoh oOsacTu BOSOY KMalollHXx YaCTOT CYMMHpOBaHHe BKJIa- 

OB, Tlokypobuen (7) MpHBOAHT K cenyrouleH dopmyne gzna a”: 
: Fe Sah (Me)? rar + (n? + 2) (79)°4] (10 


02 __ 
Q; 
he ag 


(ve — YacTOTa MaKCHMyMa MOsOCbI NMOriouleHHA; MomaraeM, 4YTO Moe (r) =} 
0 yee ee om 
oe(1—nr-+ Cr?)). [na rapMoHuyeckux KoJeOaHHH sagep. 1°? = 


(GA)? 1772 (gan ine pee amnsutyza. Tlosromy | 
2 Ahee na! 7 | 

0m Fe oy te (Me) (nt + 20) V2 (0? (11 

ae e 

rere ar be) 2H (1 + Fo) 9° (125 


BuluHcseHHOe 110 dopmysiam (11) u (12) orHomenve (a? fa? ~ 10°? am 
THIIMYHbIX ClydaeB, 4YTO corsacyeTCA C OMBITOM. YueT aHrapMOHHYHOCTH CKay 
*KeTCH Ha BemuuuHax f°, r°? Ww ap., YTO OcOGeHHO cyilecTBeHHO Ana a% 
OfHakO TOpsfoK BewM4yHH a” nH a®? Ip 9TOM He MeHxeTCH. B Apyrom up 
AeNbHOM cylyyae, KOra OTCTYNJICHHAMH OT KOHJOHOBCKOrO NpHvOuIMKeHHE 
MOMHO MpeneOpeyb (BONM3H OT NOJIOCbI MOrJOUleHHA), YHCeHHEIe pacuenij 
MOKa3bIBaIoT, uTO (a? / q®)? ~ 10°? = 1071, STO, OTHOMIeHHe BeCbMa OBICTPh, 


Samerum, uTO. B. OOOHX CaAyuanx MexaHiyueckan aHrapMOHMYHOCTS cam 


110. ce6e He MOET , ObITb npHuHHoH BO3HHKHOBeCHHA oOepToHa B C.K. p. | 
_ Ov3sHKO-XHMHUeCKHA HHCTHTYT ‘TlocrynHuio 
¥M. dale A. ‘Kapnosa ' 12 VII 1960 

| LMTHPOBAHHAA JIATEPATYPA el { 
Hinettins Haak. J.0.Kpymuuckuai, AH, 133, Ne 2 (196@ 

2 TM. Wo pprun, . KX, 25,341, (1951)., 3J. Ruamps, C.R., 248, 2034 (1957) 
*C.Manneback, Physica, 17, 1001 (1951). °U. 0M. Wopurun, J. J. Kpp 
i unc KH i, Marepuanut X.Copet. mo cnektpockonun, 1, 215 (1957). ®§ M. Wagne) 
Zs. Naturforsch., 14a, 81 (1959). 
* B omepatope BosMylieHHA HauGomee CyllecTBeH .WIeH, MpOMOpLHOHaILHbI KyOy Koll 
GaTenbHoli, KOOPAHHAaTHI. 
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PH3HKA 


H. A. NEP®UJIOB, 3. H. COMOBbEBA, P. A. ®HJIOB uf. H. XJIEBHHKOB 


O TPOHHOM CIOHTAHHOM JIEJIEHHH KIOPHA-242 
(IIpedcmasaeHo axademukom B. Il. Koxemanmuxoeom 11 VIII 1960) 


K HacTOsIeMy BpeMeHH HMeIOTCA MHOPOUHCJIEHHble paOOTH, MOCBALLCHHbIe 
JOXKHOMY eJICHMIO THKEMbIX Aep — cC HCMYyCKaHHeM TpeTbeit AMHHONpOGbex- 
10H a-yacTHIbI. B OCHOBHOM HCCJIeNOBaHHA MpOBOAATCA Ha AApax, NenAMUXCA 
eNJIOBBIMH HeliTpoHamu: U??*, U?83, Pu?3*. Jina cnowHoro yenenua U?35 y3- 
3ECTHLI Q9HEpPreTMyecKoe paclpeseenue 4-yacTHN, HX yrmoBoe pacmpeyeneHve 
THOCHTEJIBHO JIMHUM pasJleTa THKEJIbIX OCKOJIKOB, a TAKE BEPOATHOCTh TaKOTO 
uma JeseHua. Hy2xHOo OTMeTHTD, YTO NOTH BO BCeX paGoTaxX NPHBOAATCH pas- 
IMUHbIe SHAYCHHA BEPOATHOCTH CJIOXKHOTO JeNeHuA 
J?35, vf JIMIIb YCJIOBHO MOXKHO CUHTATb, UTO OTHO- 
WeHve YMCa TpOMHEIX JemeHuii kK uncmy pBoH- SOF /” \ 
MbIX paBHO ? : 350. Ja U8? u Pu?*® pepostuocrh i \ 
SOMKHOTO JeJIeHHA BILE MpHMepHO Ha 20%. “ot \ g 

VMmeetcA HeKOTOpoe OCHOBaHHe CUUTATb, YTO C ‘ 
yBeIMYeHHeEM SHEPrHH HeHTPOHOB BepOATHOCTh 
>MORKHOTO JeseHHA nanaeT. [Ipapya, skcMepHMeH- 
faJIbHble JaHHbIe OTHOCATCA K H30TONY U2’, Tax, 
qa E, = 2,5 Msp 9To oTHOUIeHHe paBHO | : 600 
a na E, = 14 Mss oxo pasuo | : 1100—1 : 1300. 
AHTepeCHO OLeCHHTb BO3MOXKHOCTH CJIOMKHOFO CIOH- 
TaHHOrO JeJIeHHA sjlep. 

B HacTosuleH padoTe uccCemoBasOCb CMOHTaH- 
40e TpoOHHOe JleseHve KiopHs-242. QKcnepHMeHT 
IpOBOAHJICA MeTOROM doTonacTHHOK. OTHOUIe- 
que 7;/T, QA 93TOTO uB80TOMAa HeONaronpHATHO 
IIA BBEIeCHHA AJep KIOPHA BHYTPb CoTocoA. Puc. 1 

JA BHellHero OOyYeHHA ObIIH M3rOTOBJICHbI 
IJIEKTPOJIMTHYCCKHM MeTOJOM 2 CJIOA WHaMeTPOM 
2 cm. IlomHoe KOHYeCTBO BbICaKeHHOFO RelleCTBa B AKTHBHOM CJIOe olipeje- 
AANOCb MeTOJOM aOCOJIOTHOTO a-cueTa HU OKa3a0Cb paBHbIM 0,19 wu 0,17 pr. 

J[qA perucTpaluu JIMHHOMpOOexXKHBIX &-YaCTHI, HCMOJIb3OBaIaCb MeJIKO3ep - 
qucTad doToamyabeua Tuna JI-9. OOsyyeHve (oOTOMMaCTHHOK Haj, AKTHBHbIM 
‘IOCEM TMPOW3BOLMMIOCh Yepe3 MaTHHOBLIH (usIbTp — oubry TOJMLMHOH 7 fp. 
JcTaTOUHbI MmpoGer a-yacTH eCTeCTBEHHOM PaMOaKTHBHOCTH KIOpHA, Mpoules- 
Mux Yepes *ouLry TaKOH TOMMHHI, CocTaBsaeT OKONO 5 p dotrocnos. [louep- 
4eHHe MOBEPXHOCTH (OTOMMACTHHKU, OOyCJIOBIeHHOe STHM BO3LeHCTBHeM, Jer- 
kO yllanseTca B mpomecce cboTorpaduyeckoi o6pa6oTkH. Takum o6pa30M, B 
\6paOoTaHHOM (oTOc0e MOryT ObITb 3aperHCTPHpOBaHbl JIMIWb AJIMHHOMpPO- 
JexKHbIe &-YACTHILBI. 

| K HacTosillemMy BpeMeHH TpocmoTpeHb! 2 (oTOMMaCTHHKM HU B HUX 3aperH- 
“TpupoBaupl 182 o-yacTUIb, HMeIONLHe OCTaTOUHBIi MpoOer B SMYJIbCHH OOvIbILe 
30 ». Jia KaxOl M3 STHX UACTHIL BBIYHCIeHa JHEPrusA C yYeTOM MOTepb B PUIb- 
‘pe. Tlonyyennoe sHepreTuueckoe pacipeyenenne (cm. puc. 1, a) HadHHaeTCA 
+ Eamin = 11 M9B — rpanwuHad 9HeprHA ONpesemAeTCA yCNOBHAMH SKCHepH- 
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MeHTa. SaTeM 9TO 3HepreTHyeckoe pactipefeieHHe OblIO HCMpaBJIeHO C y4eTOM 
reoMeTpuu onpita (pc. 1, 6). OHO, 10-BHAMMOMy, He OTMIH¥aeTCH 3aMeTHO OT 
maHHbplx Juin U?8> wa TemoBbiX HeliTpOHaX KaK MO MOJIOXKeHHIO MAKCHMyMA€, Tak © 
H MO WupMHe pacnpeyenenusx. IlonHoe 4HcCNO Cay4aeB CNOKHOTO JeneHHA 
OblIO OLeHEHO KaK H3 OKOHYATEJbHOrO 3HEpreTHYeCKOrO CMeKTpa 4-YaCTHL, TAK — 
M M3 yrioBoro pacipeseeHHA. 

3HaA YHCNO CJIOMKHbIX CydaeB JeJIeHHA, MOJIHOe KOJIMYeCTBO AKTHBHOFO 
BelleCTBA B C0e€ H ZKCMO3HILMIO, MOXKHO MOJYYUTb. BEPOATHOCTh OOpas0BaHHA 
a-yacTHIL C 9HeprHi Oospme 11 Msp. MckomMoe OTHOLIeHHe OKa3aJIOCb PaBHbIM 
1: 340+40. Ecau cuntaTb 9HepreTHy¥ecKoe pacipeyesieHHe CHMMeTPHUHbIM | 
OTHOCHTeJIbHO HavOoslee BEPOATHOM JHEPLHH 4-YaCTHIL, TO MO2KHO BBECTH NOMpaBe 
KY Ha HeHaGsIoqaeMble B HaLlleM OMbITe 4-4YaCTHUbI C 9Heprvel MeHbure 11 Map. 
Torga BepOATHOCTh yBeJM4HTCA MpHMepHO Jo | : 300. 

MbI 1Ob3yeMCA Cy4aeM BLIPa3HTb rryOoKyt0 Ga1aroqap Hote B. B. Kypua- 
TOBY 3a HHTepec H OOJIbINYy!0 MOMOMLb B MOCTAHOBKe HaCTOAMLeH padorsl. 


Panes HHcTHTyT uM. B. [. Xsonnya Ilocrynusio 
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Woxnayo Akagqemun nayr CCCP 
1961. Tom 136, Ne 3 


TEXHHIECKAA PH3ZHKA 


B. T. BOPHCOB 


KPHCTAJIJIMNSAUMA BHHAPHOLO CIJIABA TNIPH COXPAHEHHH 
YCTOMUMBOCTH 


(ITpedcmaeneno akxademuxom I. B. Kypdtomoesim 4 VIII 1960) 


Ecam Ha rpaHHue pasyesa tas TeMMepaTypa H KOHWeHTpalluA MMeIOT 3Ha- 
4eHHA, COOTBETCTBYIOUHe PaBHOBeCHOHM MarpaMMe COCTOAHHA CiwaBa, TO pH 
TlepeMelLeHHH MNOCKOrO (PpOHTa KPHCTANM3aUMH B paciwiaBe CO3aloTCA HepaB- 
HOBeCHbIe yCuOBHA. Jluddy3HoHHoe NepeoxwaxKeHve, COrmacHO TeOpHH, H3JI0- 
*KeHHOH B ('), B Cuydae pOcTa KPHCTAaJIOB C HOCTOAHHOM CKOPOCTLIO NpHOmH3H- 
TeJIbHO PaBHO WMpHHe (No OcH TemMepatyp) OOacTH Mex Ly JIMHHAMHU JIMKBHyCa 
M couMfyca. Sta TeOpHA He OMMHCHIBaeT, B YACTHOCTH, 3aTBepeBaHHA TaKHX 
CIlaBOB, KOTOpble He CMOCOOHbI 3aMeTHO TepeOxsaKLaTbcA, MOITOMY eve- 
coo6pa3HO NOCTpONTb TeOpHioO, OCHOBAHHYIO Ha TpeOoBaHHH, YTOOb! pH KpHCTas- 
JIM3aHu ciwiaBa BCe TOUKH ero OObeMa COXpaHHJIM COCTOAHHe paBHOBeCHaA. 
Yka3aHHoe TpeOoBaHHe MOxXeT ObITh YOBJeETBOPeHO, eCJIH JONYCTHTb, 4TO 
MexK]y KAUAKOH HW TBepwOH dasaMH HMeeTCA MepexoqHaA Byxia3sHaa 30HAa, 
M1OM06HO TOMY Kak IpHHuMaetcsa B paboTte (7). Hue qaeTca O6OCHOBaHHe ITOMY 
YTIBepxKJeHMIO AVIA CyYad CTAaWMOHApHOrO pexKHMA, KOFa POCT MpOuCXOLHT Cc 
MNOCTOAHHOH CKOPOCTHIO UV, paCCMaTPHBaIOTCA CBOHCTBA JBYX@a3HOH OONAaCTH u 
BBITeKAIOMMe OTCIOa OCOOeEHHOCTH KPHCTAJIM3alHM CIaBa. 

Jipyxda3Hoe cocTOAHHe cpebI B KaxkKOH TOUKe x OyfeM XapaKTepH30BaTb 
cdyHKuHel S(x, t) — Mnoulayqbio MonepeqHoro CeyeHHA HKHAKON Casbl MPH ycvio- 
BHH, 4YTO MwolWayKka pa3MepoM | cm” OpHeHTHpOBaHa TepleHAHKYJAPHO CKO- 
poctu pocta. Ecau xospbunnext Auppy3sun D He 3aBHCHT OT KOHIeHTpallHu 
PaCTBOPeHHOTO KOMIIOHeHTA, TO ypaBHeHHe Audpy3HH B KHDKOM OObeme (c Te- 
PeMeHHBIM CeyeHHem S(x, ¢)),WpHHatexalleM AByxasHou OOacTH, UMeeT BUY 


DA(S AC / dx) + kC AS / dt = A(SC) / at, (1) 


re k— KosppuunenT pacnpeseseHus, OTBeYaIOWWH [HarpaMMe COCTOSAHHA 
ciaBa, BooOmle, 3aBHcaMMH oT KOHeHTpalHH. Ludpysua yepes TBepzyio 
qba3sy 3fecb He MpHHuMaeTcH Bo BHHMaHHe. Temmepatypa T (x,t) B AByx- 
(ba3HOH 30He, ecu KOopullMeHT TemMMepaTypompoBogHocTH a u §=q/x (q— 
TenloTa KPHCTaMH3auHu, x — TeMJIOeEMKOCTH) He 3aBHCAT OT COCTaBa HU arpe- 
raTHOrO COCTOAHHA civlaBa, ONpesesseTcA ypaBHeHHeM 


aCT | 0x? — 00S / Ot = OT / ot. (2) 


IlycTb IMHHH JHKBUAYyCa UH COJMAyca — IpaAMble H ypaBHeHve MepBok H3 
nux T= T,—aC. B crattuonapHoM pexKunMe BCe PYHKILMU 3aBUCAT OT xX — ve. 
Bsegem noctosnupie ¥=v/D, e=D/a, C’=6/a. ®B AanbHeliuiem 6yzem 
MOb3OBaTbCA Gespa3MepHbIMH (yHKUMAMH H KOOPAHHATOH, KOTOpbie, He H3- 
MeHAA OOO3HAYeHHH, OlpeeuHM culefyIouHM OOpa3om: 


CfeC’>C, T/9-T, hex. (3) 
Bespasmepuble ypaBHenis 2u@py3uui Ui TeMJONpOBOAHOCTH MpHHUMaloT BU 
(SC’)’ = (SC)’ SENG = 0, T" ae Ps wl te Slares 0; (4) 


JIWHUA JMKBHAyca 
Ti Tig 8C. (5) 
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Bue JByxda3Holl SOHbI COCTOMHHe CHaBa ONHCbIBaeTCA COOTHOLMeHHAMH 
CP a Co a0, VT oie 0), (6) 


B oTHOWeHHH JByXa3HOH 30HbI TpeOoBaHve OTCYTCTBUA NMepeoxsaKeHua 
o3HadaeT, YTO KOHIeHTpalua uM Temnepatypa (4) OJDKHbI ObITh CBA3AHbI 
ypaBHeHHeM JIMHHM JIMKBHAyc (5). B yacrnocru, T’ = — eC’. Konuentpauna 
Ww TemMnepaTypa B X%KHAKOH wacTH ciilaBa, yAOBMeTBOpAIoIMe (6), a Take UX 
MepBble MPOU3SBOAHbIe JOJKHbI HeEIPePbIBHO CONPATaTbcs C COOTBeTCTBYIO- 
HLMMH (PyYHKUHAMH B AByxda3Hont oOnactu. [loKaKem, uTO Np STOM B XMAKOCTH 
TakoxKe He BOSHHKaeT MepeoxwaKJeHuA, H, CMEMOBATeIbHO, BeCb ciwaB Mmpu 
KPHCTaJIU3alHH OCTaeTCH B YCTOMYHBOM COCTOAHHH. i 

Ecau A,(T,, Cy) —durypaTuBHaa TouKka ciwiaBa Ha OeckoHeuHOCTH 
(puc. 1), To pelleHHi ypaBHeHH (6), yoBJeTBOpsioNiMe ycCJIOBHAM 


T=T,a—eC, T’=—ecC’ npn x=O0 (Havano aByxcdasHOow 30HbI COBMe- 
IeHO C HayasIOM KOOpAHHAT), cesyIoulHe: 

ih 
C= Cy as = € EE aoe qT, mh = & Bo ie ees bess (Ta — Gh) ee 


[lepeoxmaxkeHus B pactiuiaBe HeT, ecuM T (x) >7 4 — 8C (x). Sto ycaosue 
AT 1—e * cag? ge 

CBOAMTCA K HepaBeHCTBy 7— |e ee >> 0 M BBINOMHAeTCH pH 

muoOnix T, Co, &, x 0, ecau TompKo AT > 0, T. e. ecmu pacimaB meperper. 

M3 dopmya (7) MO#KHO 3aKJIOUHTb TakKxKe, YTO KPHCTAaJNH3aluA ciwaBa 

HayWHaeTca B TOUKe Aj, JIeKallleH Ha JMHHM JHKBUMyca, OlpeslemsemMon 3Ha- 


YeHHAMH TeMMepaTypbl H KOHUeHTpalluH 
Ty Pe AT 28), Be ri eer (8) 
O6paTuMcaA K pacCMOTpeHHIO AByXa3HOH 30HbI, HMeH B BHAY, YTO COOT- 
HOWeHHA (8) WaloT KpaeBble yCJIOBHA JIA TeMMepaTypbl H KOHUeCHTpalHu B 
Havase 30Hbl mph x =O, S=1. Bmecte c ceyeHnem “(x, ¢) 9TH PyHKUMH 


oupeyessioTca cooTHOWeHHaMH (4), (5). Ecan uckmounTb Temnepatypy, TO 
JOJDKHbI ObITb COBMECTHBIMH ypaBHeHHA 


(SC) SC (VER SCP EG ce = isan) 2} 


llpeoOpas0BaHve KOTOPbIX JaeT OOBIKHOBeHHOe JMpepenuualbHoe ypaBHeHue 
NMepBoro nopsAyKa, cOsep Katee JBe MpOu3BOJbHbIe MocTOAHHBIe A u B: 


p=] SS eC 2 AW S66 e aoe (10) 
rae 
p=C’, o=1—k/2—e8, m=(l—k/2—8)/(1 —k—B8), 
y =(1—k—8) (1 — 8). ene) 


Ecan norpeOopaTb, 4TOOb! Ha rpaHHue 30Hb! npH S=1 BHIMO.HAIMCh NpH- 
BeeHHbIe BbIWe yCNOBHA 


Cm Cy iC AT eee ee, (12) 


TO mocTtosHHble A, B cBa3biBaloTcCA c BewHuHHAaMH Cy, AT, 3aqaiouluMu Ha- 
YaJIbHOe COCTOAHHe cmulaBa: 


A=p,+eC,—1, B= 


Dilap aeD 
aap (R= 1), Rept — 4) Ca. (13) 
Ypapuenna (10) c ompeneneHHEIMH TakHM OOpa30M TIOCTOAHHbIMH MO?KHO 
Ha3BaTb YpaBHeHHAMM JByxXda3HOH 30HbI. OHM OnpefemsioT CeyeHHe S(x) Kak 
(PYHKUMIO KOHMeHTpalHH C(x) H 3aBHCHMOCTb KOHUeHTpaluu OT KOOPAMHATHI. 
Temnepatypa 7(x) B sTOH OOnacTH mMHeHHO 3aBucHT oT C(x). Hamucanne o6- 
WeroO BHa pellieHHaA ypaBHenua (10) He MpeyzcraBsmeT MHTepeca, MOCKObKY 
nocyieqHee He HHTerpupyeTca B yHOOHOH dopMe, OAHaKO UYHCJIeHHOe pellieHHe 
Ba K@K]OrO KOHKPeTHOrO CiaBa MO*KeT ObITh MOCTPOeHO OOLIGHBIMH CIIOCO- 
aMi. 
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- OOpaijasch K MCCe_OBaHHIO ypaBHeHHii (10), BEIACHUM Mpexye BCero BOr- 
¢ O MPOTHKEHHOCTH apy xasvont 30HbI. Hauany 30HbI cooTBeTCcTByeT S = |. 
O Mepe yasIeHHA OT STO TpaHHUbl KOHWeHTpalua u rpaqveHT KOHUeHTpallun 
3MEHAIOTCA. OHH MOFyT MIPHHATb Take 3Ha4eHHA, YTO KUAKUMM CiaB B UBYX- 
ASHOH 30HE IeJIMKOM IIpeBpalilaetca B TBepayio dasy. Ceyenve S(x) npu 3TOM 
<auKOM H3MeHAeTCA OT HeEKOTOPOrO 3HaueHHA S,. NO HyIA. YcNOBHe, MPH KO- 
)POM TAKOM CKaYOK BO3MO2KeH, eCTb YCJIOBHe BHINOJIHeHHA MaccoBoro OamaHca. 
Oespa3MepHBIX TlepeMeHHBIX OHO HMeeT BU p + (1 — k)C = 0. Buoca 3T0 
JOTHOMEHHE B B (10), MOXKHO HaliTH, UTO CKaYOK HacTyMaeT mpu S = S, 


po (2 Pe Dap lie, (14) 


, CeELOBATeEIbHO, MPOTAXKEHHOCTH NepeXCAHOH OONacTH OMpefensetcA BULOM 
AarPaMMbl COCTOAHHA HW HauvaJIbHbIM cocTOsHHeM A, cruaBa. MoxHO no- 
a3aTb, 4TO pH S >S, uMeeT MecTO Hepa- 

sHCTBO p-+(l—k)C>0, Tt. e. auddbysu- T RAp 

HHI TOTOK MeHbIle TOTO 3HaveHHA, KO- 
ypoe HeEOOXOAUMO IA peamMsallMu CKauKa. 
TO O3HadaeT, ITO AByXda3sHaa 30HAa ycrToOH- 
ma TIpH OS > S,. Ecnu S< Sy, 30Ha He- 
eTOHUMBA. 

Kpuctasnmu3alua cilapa 3akaHuMBaetcs 
Touke A>, leKallleH Ha JHHHH JMKBUAyca 
uc. 1) mpH KOHUeHTpanuH Cy, onperense- 
ou u3 (14) u (10): 


ee) 5, A. (15) Kl; Cy Klp 


ak w A,, durypaTuBHas Touka Az, ompe- Puc. 4 

SIAeTCH UCXOAHbBIM cCOCTOAHHeM Ay. Pury- 

ATHBHaA TOUKA 3eMeHTa OObeMa CIJIaBa, B3ATOTO JOCTaTOUHO aseKo 
f @pOHTa KpHcTasMu3alNu, TO Mepe NpHOnWKeHHA poOHTa OMMCHIBaeT TPa- 
<topuio A,A,A,, NoKka3aHHy!0 MyHKTHpoM Ha puc. |. B orauune or cxembl, 
accmotpeHHont [. I]. Mpanmosm (1), ata TpaeKTOpHA He NepecekaeT JMHHN 
HKBUAyca. OcobeHHOcTHIO paccMaTpuBaemort CX€MbI ABJIA€TCH TaKKe H3Me- 
SHHe COCTaBa KPHCTaIH3yolelicnd 2%KuUAKOCTH OT C, Jo Cy. SaTBepzeRuHit 
IaB COCTOMT H3 KPUCTAaJVJIOB MepeMeHHOTO cocTaBa C COMepxKaHHeM PacTBO- 
®HHOrO KOMMOHeHTa OT RC, No RC. 

Jina KOMUYeCTBEHHOPO ONHCaHHA 3TOTO ABJIEHHA CleAyeT BBeCTH PYHKILHIO 
acipegenenun L’(C) TBepyoro cisiaBa MO cCOcTaBy, KOTOpas ompeyemsercs 
aK, UTO YebHbI OObem dW ciisaBa, HMeOlUHH COCTaB B HHTepBaJie KOH- 
eHTpauna C,C+dC, papen L’(C)dC. Ouesuguo, L’(C)=L(C/R), rue 
(C)— aHanoruuHan dyHKUMA pacmpeyeneHHA MO COcTaBy KPHCTaJJNIU3y10- 
lelica 2KMAKOCTH. YyenbHbIit OObEM XMKAKOCTH, KPHCTAaJJIM3yIOUlelicA B HH- 
ippane C,C + dC, papen —dS = L(C)dC, nostomy Bs oOsactu, rye S(C) 
anpepbipHa, L = —dS/dC, a c yyuerom cKauka (6 — JebTa-PyHKIHA) 


C= SAC S5S36 (CCR. (16) 


YHKUHA pacnpefzenenuan L(C), xapaktTepusyiollai cerperallvio MpuMecn B 
IlaBe, HeMocpefcTBeHHO ompeyensetcs cBxi3bI0 (10) Mexgy S u C, Kotopas 
eT 


dC Rk ( = 1, as 


S 


ia NOQYHHAeTCH YCNOBHAM HOPMHPOBKH 


ete tL On(G\de a, (18) 


0 0 


lepBoe H3 KOTOpbIX cylexyeT u3 (16), BTOpoe “BbIParmKaeT 3aKOH COXPaHeHHA| 

pacTBOpeHHoro BelllecTBa 1 MOKeT ObITh MpoBepelioO NyTeM HHTerpupoBaHnA 

ypaBHeHusa judpysun (4) no npow“sBoubHOMy MpomMexkyTky (X;, x2). Mnterpu- 
x 


poBaHHe NoKasbiBaer, YTO B AByXasHolt 30He KoMOnHaLHA Sp 4- SC — k\ C dS} 


COXPpaHHAeT NOCTOAHHOeG 3HAYeCHHe, OTKYyla 
if 


\C@ds 0,5) = Soe 
Ss 
TakuM oOOpa30M, CpeMHHH cocTaB 3aTBepfeBliero cClviaBa paBeH cocraBy} 
HCXOMHOM 2KUAKOCTH, KOHWeHTpauua Cy mexHT Mexay RC; u kCy, a TOUKal 
A” —mexny A, u Az (puc. 1). 

XapakTep KpHCTaJJIM3alLHH 3aBHCHT OT Ha-| 
YaJIbHOrO COCTOAHHA 2KHUAKOCTH —ee KOHILCHTpa- 
uu Ww TemMnepatypbl. PaccMaTpHBasA’ 9TOT BO- 
mpoc, MpHMeM HecyllecTBeHHOe orpaHHyeHue) 
e<1 (48 OobIIMHCTBa BelllecTB @e~10°-? 
10%). Ha puc. 2 mocrpoeHa B Ge3pa3mep-| 
HbIX OOO3HAYCHHAX  J\HarpaMMa  COCTOAHHA 
cnuiaBa. KpomMe JMHHH JIMKBUAyCa MpoBeseHnbl 
ype Mapaasentbyble upsmMpie By u Be, oOpasy- 
woulHe Cc ocbio T yron g, tgp = k/(1 —k—s8), 
ypaBHeHHA KOTOPBIX, cooTBeTcTBeHHO: 67 = 
=(1—k—e) C/k, 6T = (1—k—e8) C/k— 
—(1—e)/(2—k—2e) (6T =T —Ta). Hony- 
NJIOCKOCTb, PacnoOsOxKeHHaA Haj JHHHeH JHK- 
Buyca, pasOvBaeTca Ha Tpu oOnacTH. Hccue- 
oBaHHne ypaBHeHHH AByXx@a3HOH 30HbI aeT cesyroulve pesyJbTAaTHI. | 

IIpu o> 0: 

1. EcnH HavanbHoe cocTusHHe Ay Haxo_UTcA B OONacTH / — HHKe AHHHH! 
B,, By, TO R>k/(2—k— 2e) > 0, nockonpky R= (== c -0r) ; 
IIpu stom Se**! orpunatenbHo, Byxda3Had 30Ha 3aHHMaeT mpoMexyTOK| 
O<S<1, ona He orpaHHueHa MO KOHIeHTpalluH H KOopauHaTe (C — oo, 
x—>—oo mpH S-+0), 4 KOHMeHTpall4A MOHOTOHHO BO3pacTaeT Ip yMeHb- 
meHuu S, 

2. Touka Ay pacnouioxeHa B OOnacTu J] — HwxKe mHHHM By, HO Bolle Bo, 
Snecb OC R<A/(2—R— 28), 0< So< 1. Tsyxchasuaa o6nactb onpege- 
JiseTCA 3HayeHHamuH S,<S<1 u orpaHHyeHa MO KOHIeHTpallHWH H KOOpaH 
Hate. BHyTpH 30HbI KOHUeHTpalluA BO3pacTaeT MO Mepe yMeHbIeHuA S. 

3. Ecnu Ay Haxoqutca B oOnactu J// — spe npsamoi B,, TO R<O, 
S», > 1. Sto sKBUBasIeHTHO HeyCTOHYMBOCTH ABYXasHOH 30HbI yxKe pu S = 1. 
IlepexoqHad 30Ha B oOOnactu J/J He o6pasyerca. M3 paGorni (') cmepsyer, 
4TO B 3THX YCJIOBHAX H Oe3 AByXa3HOH 30HbI CNWaB KpHcTanmMsyeTca Oe3i 
IMPy3HOHHOrO MepeoxviaxkeHHA XKHKOCTH. . 

IIpu ~ <0 nonoxenne onpesenserca B OCHOBHOM JIMIIb OfHOM muHHe By: 

1. Ay exuT B OOnacTu J. 30Ha OrpaHuyeHa 10 KOOpAMHaTe HM KOHUeHT- 
palluH, MOCJeMHAA MOHOTOHHO pacTeT pH yMeHbilieHuH S. 

2. B o6nactu /J 30Ha orpaHnuena, Kak M B Mpefbiyulem cmyyae, HO 
BHYTPH 3O0HbI KOHUCHTpallWA HMeeT MaKCMMYM. 

3. B o6sactu J/7 yzByxdasHaa 30Ha He OOpasyercs. 


Co 
Tie: 


Puc, 2 


MuctutyT MetadJopezeHuad uM cbH3HKH MeTaJJIOB TloctrynHto 

IfentpasibHoro Hay4HO-HCCcJ1eOBaTeIbCKOTO 4 VIII 1960 
HHCTHTyTa uYepHol MeTaJJIypruv 

LMTHMPOBAHHAA JIMTEPATYPA - | 

‘T. 1. Upaunos, JAH, 81, Ne2 (1951). 2A. A.CKkBopnos, Tp. II copemy 

10 TeOpHH JIMTeHHEIX mpoueccos, 1958, erp. 124. 1 
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Jorsaygp Akagemun nHayk CCCP 
1961. Tom 136, Ne 3 


TPEO@H3HKA 


A. ®. H3OTOBA, T. A. OTHEBA wu H. TH. CMHPHOBA 


MPO®WJIb BETPA B NPHBOAHOM CJIOE HA], JIAQO)KCKUM 
O3EPOM 


(ITpedcmaeaeno akademuxom JI. B. Haauekunoim 18 VI 1960) 


Hccieqopanve popu BeTpa B MpHBOAHOM CjI0e HEOOXOZMMO Ip U3syyeHHU 
TypOyeHTHOTO OOMeHa MexKy MOBepXHOCTHIO BOJbI HM BbIIMeeKAallHMU COAMH 
BOSyXa. QKCIePHMeHTaJIbHbIe JaHHble M0 BepTHKaJbHOMy pacripeyeneHnio 
CKOpOCTH BeTpa Ha BOAHOH MOBepXHOCTbIO OrpaHHueHbl (* *). 

Jletom 1959 r. (c 7 VII no 16 VIII) Jla6oparopuel osepopeyenua AH CCCP 
ObIJIM MOCTABJIeHbI HaOJIOJCHHA Hall BEPTHKAIbHbIM pacipeseseHHeM CKOpocTH 
BeTpa Ha JlaqoxKCKOM O3epe ‘C IeJIbIO BBI- 
ACHCHHA XapakTepa Npodusia BeTpa u ero 
3ABHCHMOCTH OT TeMNepaTypHOH cTpaTu- 
pukalwu, a TakxKe ONpeyeseHuaA 3Haue- 
HHH MapaMeTpa WepoxoBaTocrTH. 

Ha6mofenua BbIMOHAHCb C MOMOLLbIO 
MHCTAHWMOHHbIX JJIEKTPOKOHTAKTHbIX aHe- 
MOMeTpOB cucTemMbI [jaBHoH reopusnye- 
cKOH OOcepBatopuH uM. A.V. Boetikoza, 
yCTAHOBJICHHDIX Ha MauTe BbICOTOM OKOWIO 
3M. Mauta ctossia y ype3a BOsbI Ha OTJIO- 
rom Oepery 0. XaHXuMMacH, KOTOPbIN yjla- 
neH Ha 5 KM H 1toro-3amapy oT oO. Basiaam. 
9. XaHxuMacH mpelcTaByseT . coOon BBI- 
MyKJIyiO CrviaKeHHy!0 TpaHUTHy!O rviblOy 
>peyqHeH WupHHE! 90 M, M30rHyTy!O cep- 
10M, OOpallleHHbIM BOrHYTOH CTOpOHOH kK 
cepepy. OcTpoB NOKpbIT peAKOH TpaBAHH- 
?TOH pPaCTHTeJIbHOCTHIO, JIMMIaHHHKaMH 
uxamMH. MaxkcuMasibHad MpOTs2KeHHOCTb 
oro C ceBepa Ha lor mocTuraeT 200 M, ac 
3atliaga Ha BOCTOK 300 M. [I nonjaqb ocTpo- 
3a 3,9 ra. MaxcuMaibHaa BbICOTa efO OTHOCHTeJIbHO YPOBHA BOJbI Ha 
I VIII 1959r. cocrasaana 8 M mp cpegHeli BEIcoTe 3 M. Penbec) WHa y 0. Xau- 
KHlaCH XapakTepH3yeTCH KPYTbIM PaBHOMePHbIM TaleHHeM C JOBOJIbHO 3Ha- 
HHTeJIbHBIMH TyrTyOHHaMH y CaMOro OCTPOBa. 

Mauta c avemomeTpamu Oplla yCTaHOBJIeHa C 10%KHOM CTOPOHbI OCTposa, 
a perep IOB, IOIOB, 10, 10103, 103, 3103 u 3 wanpaBnenHi He NosBeprascsa 
3IMAHMIO Cy; 3C3, BIOB, B u BCB Berpbl OblIM HalpaBJeHbI MapaembHO 
jeperoBoll JIMHMM WM YaCTHUHO UCHBITHIBAIM BAMAHHMe OcTpoBa. Berppt CB, CCB, 
3, CC3 u C3 nanpaBnenuit mpoxoguuiu Hay OCTpOBOM, HM XapakTep TIpodusia BeTpa 
ICK axKasica. 

| KonTakTHble aHeMOMeTpbI pactiomaramuch Ha ypoBHAX 6,10; 3,15; 1,65 
10,75 M oT ocHoBaHua MautTHl. IloKa3aHvA HX perHCTPHPOBaJIMCbh CaMOMMcHeM 
‘uctemplt LTO. O6pa6oTka nposposuach MO CpeqHHM JlaHHbIM perHcTpallHy 
‘KOpocTH BeTpa 3a 60 Mun. 3a Bpema padoTb NomyyeHo 246 sent. Jaa KoHT- 
)O.1A AHEMOMeTPOB MpOBOAHIHCh 4 NoBepKH (CpaBHeHHe C KOHTPOJIbHbIM aHEMO- 
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Puc. 1.’ CBa3b MexKy MOBepXHOCTHbIMH 
TemlepaTypaMu BOAbI B OTKpBITOH Jlagore 


61u3 0. Xauxunacu (T,) MH Ha mnocTy 
o. Xanxunacu (T,) (1 — cBxa3b Temnepa- 
Typ, 2 — 6uccexTpuca) 


OMY Upomno WH BeIMYHHLI HapaMerpa iepoxoBaTocTM 2) Oc3 yyeTa TepMH4deCKON 


cTpaTHpukalun uc ee yaeTOM 


WAG a ei 


Cpeyqane BeamauHbI CKOpocTH Berpa V mo BeprakaybH 


woz connom || BS, , BS,, = mMeTpoM). PacxomxeHHA Mexky NoKa- 


Cee her crest all ea PP 
eres es eal sa 3aHHAMH OTJeJIbHbIX AHEMOMETPOB 
mo 7) S31 | =Sy) lid He IIPeBbIliaJIu O72 mM/ceK. 
Se Ae Anajv3 MaTepHayioB BBITIOJIHeH C 
Ax | 
« [ce conn | ~~ I | |! lt!!  yuerom wanpapneHua BeTpa AByMaA § 
I 
St e me Rapeetce RIG oT NYTAMH: 1) pu OCPcHCHUM WaH- 
E} = |— HbIX 6e3 yueTa TepMHYeCKOH CTpa- 
Pelee 2) Coed een THpUKAILMH a c yueTOM Tepmu4ue- 
a CKOH cTpaTHpuKaluH; MocweqHAA 
eo re} 2 
2/3 /Se!! S2'- 11!!  ompenensnacn pasnoctpio AT Temme- 
esti es | paTyp BOJbI H BO3yxa. 
ce tee ae He6onpuiue pa3smMepbl ocTposa u 
no “z| 88), 88), 3,,, SHaaHTeJIbHBIE raryOuHbI BOSH 
od' | SoS’ || ~sopype3a BOI CO3qaIoT FHApOMeTeopo- 
YUHOGON | a) omen mcrj— JIOPHYeCKHe yCJIOBHA, XapakTepHbie 
-eH orouh | & | | , p 
: She a ee ee JWI OTKPbITOrO O3epa, TO, HalpH- 
> oc | aes) sss S'S Mep, BHAHO Ha rpaduKe CBA3H TIO- 
ie : ee oa foc ul TeMiepaTypbl § BOJbE | 
jn) nS — 191010 Fidid idis 10 puc. ¥ 
oO |-——— |-— 
B| 3 | ast) ance qajo IIpu onpeszenenuu ycsoBHu Tep- | 
8 [ese Scee Ye §  wageckol cTpatuukalwu MpHHATHI 
5 met | SVee =2 |"  SHAVeHHA TeMMepaTypbl MOBEpXHOCTH 
——___—_| —______________ BOJ[bI, H3MepeHHbie y 0. XaHxunacn 
<0 cow er) = sf Z , 
woz; ect! S11 S!11 MOcKOmbKy B  paCCMaTPHBaeMbIx 
pereconl| oa ha eee ee rpynmax TepMuyeckoH cTpaTHpuka-, 
an ee ee eae BLIOpaHbl WIMpOKHMH 
Se || SERS - 
5, = | clcisot Giateies cietciat Snetscnail apauons 
a ; BOJATCAH cpesHHe 
G = 12 
oi} ts ©. | Gobeded ogedetes esesetes  CKOPOCTH BeTpa NO BepTHKaNbHOMYy 
Sl te . 
Ni heme ee Mpodusio Wa Tpex rpynn mo Ha 
0 oD ood moe Siseded NpaBJICHHAM BeTpa H AWA YETbIPex 
re ere rr 3HaYeHHH CKOpOocTel Ha BBICO- 
oe | fess sae «css Te 0,75 m: I rpynma—yo 2,1 m/cex; 
no *z | 88, 88), @) 4) ele rpynna—_“or 2,1" 10°38 9 cerns 
5 pie Ae = III rpynna — ot 4,0 no 5,9 m/cek; - 
eee | sh ia esea geome. TV rpynmma—oouiee 6,0 m/cex. Ocpez- | 
cs 2 |eqi— cans avon Henne npopuss7 CKOpOCTH BeTpa C 
5 6 | ot 4 i ss yaerom “TepmntecKkon Crp atudukas 
fF} =| 3 |an;o wnen moan WMH Mposoqumucbnorpynnam: AT < 
— a Sai aa NN ANNS SK A AT = ne Y oS AT 4° YTO | 
2 
5 we = 00 teas ing nerd MOO = 3 ‘a < AS : | 
Z| 3 | G2 l Spans anteta COOTBETCTBYeT ' PaBHOBECHDIM- yen0—™ 
a oo | 
= BHAM, HHBe€pCHOHHbIM 4H aA 
Ve) On = ONOW ~-mONO 
= | aeiled Aeieded ciciesel TOUHBIM Me@XKIY HHMH. 
Cpequne mpodusu CKOPOCTH BeT- 
cS x x pa 6e3 yueTa TepMuyeCcKOH cTpaTH- 
ee eae (pHKallHu NpescTaBeHbl Ha pHc. 2 
WScle \ akc taper mee (V — cKopocTpb BeTpa, Cass BBICOTA). 
| Bois a CAS Jit BceX HampaBseHHH 4M rpynn 
sane ah a a cKopocTeH BeTpa  pacipelesenne 
were ray Faq’  CKOPOCTH YyOBMeTBOPAeT wlorapHud- 
o 5 5 °' MMYeCKOMy 3aKony. OjHako rpajiu- 
e > e CHT CKOpOCTH YBeJIMYHBaeTCA C yCH- 
£ 8 2 JieHHeM BeTpa H HaMMeHbllve 3Haye- 
HUA MPMHHMaeT B BO3YUIHOM TIOTO- 
te oa as | Ke, NMPHXOWAULEM CO CTOPOHbI OTKPHI- 
edioa] O26 mg of TOM BOAHOM MOBepXHOCTH. 
eHHelraedueyy | | | “ih wacre B ta6 ln O 
| 30 Sen ab a PHBOJATCA BeJHUMHbI 
| S) 


TlapaMetpa iwepoxopatocTu Z,. IIpu 


108-1010B-10-10/03-103-3103-3  3C3-BHOB-B-BCB CisCCERECOSEOS 
eet Fd Boca 0, Uh 2 Ps BiB Palicehd - 5 id ii biags BYM/CEK 


a =F a ——- —{ 
| 


oboe? 


= bee | 


Puc. 2. Cpequne npoduan ckopocru serpa 6e3 yueTa TepMiuccKolt 
erpaTupukaunn. /, //, I//, JV — rpynnst ckopocteii_no ta6a. 1 
(yHKTHp — 9KcTpanomauut yo V = 0) 


‘CKOpocTaxX BeTpa Bbllle 4 M/cex (III rpynma) 2.14 BoxqHOM MOBepxHOCTH Z),=3 MM. 
IIpu mpoxomwyeHuu BOs,yuIHOrO MOTOKa Ha OcTpOBOM Z, yBeJIMYMBaeTCA 
4o ~ 7CM, a24NA MOTOKA, MpoxozAuero Mapas- 

JI€JIbHO OeperoBOH JIMHHH, Z, 7 MM. “ 108-10108-10-10103 -103-3103 -3 

SKCNEPHMeHTAaJIbHBIMH MaTepHalaMH mo]- 0 2 4 EV wiene 
TBEPKMeHO CYMLeCTBeHHOe BJIMAHHE TEPMHYeCKONi z 
cTpaTHpukalun Ha Mpoduib BeTpa Hay MOBepx- 
HOCTbIO CYIUH, H B HacTOsiee BpeMaA OOuLenpH- 
3HaHO, 4TO B IIpH3eMHOM cyl0e BO3,yxa BBI- 
MOIHAeTCA  OOOOWIeEHHbIM cCTeNeHHOH 3aKOH 
JlauxtMaua. Matepuanbt Ha6miofeHul Hal BOL- 
HbIMM TIOBEpXHOCTAMH C yueTOM TepMHyeCKOL 
cTpaTHpuKalu, KaK WpaBusio, He aHalHM3upy- 
roTca. Mexkyy TeM Haj BOJ,HBIMH NOBEpXHOCTAMH © 
-B HeEKOTOPble NepHoOsbI Toga HaOwOMaloTCA 3Ha- 
‘YMTeJIbHbIe KOHTPaCTbI TeMlepaTyp MOBepXHO- 
CTH BOJ[bI H BO3yYXa, YTO UMevIO MecTO H Hag Jla- 
JOX%KCKHM O3€POM B TepHoy HaGwOJeHMh. 

Ha puc. 3 npegcTaBeHbl cpeqHne npodusu 
BeTpa IPH pa3HbIX efO CKOPOCTAX C y4eTOM 
TepMuyeckoH cTpaTHpuKkaunu. Tepmuueckas 
-cTpaTupukalua, KaK BHAHO Ha pHc. 3, OKasbI- 
BaeT BJIHAHHE Ha Mpodusb Betpa.[Ipu uuBepcuu 


‘Puc. 3. Cpequne mpodusmH ckopocTH BeTpa, MOcTpoeHHble 
c,yueToM TepMHuecKoH cTpaTHpuKaunH (/ —jpaBHoBec- 
HbIe yCJIOBHA, 2 — ycCOBHA HHBepCcHH, 3 — 9KcTpamo- I 
aauna to V= 0); /, I, II, IV — rpynnpt ,cKopoctert Zs 
mo Ta. | -16 


{ 


OTMeUaeTCA OTKMOHeHHe MpOuiA BeTpa OT MOrapHqpMHYeCKOFO 3aKOHA B CTO- 
“pony Gombutux 3HayeHHi rpaqveHTa CKOpPOCTH BeTpa lO CpaBHEHHIO C paBHOBEC- 
HBIMA YCNOBHAMU, KOTa JOBOAbHO CTpOro BEINOAHAeTCA OrapHdpMMyecKHh 
3aKOu. Tlapametp wiepoxoBaTOCTH 0 aHHbIM O CKOpOcTH BeTpa, onpesevieH- 
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HbIli IPH PaBHOBeCHHIX yCJIOBHAX, 3HAUHTebHO MeHbIWe, YeM ONpemeneHHbrit 
6e3 yyeTa TepMHyecKOH cTpaTHpukalHn. BenwunHa ero Hay, BOAHOM MoBepx- 
HOCTbIO TIpH HaWOoslee pactipOCTpaHeHHbIX CKOPOCTAX BeTpa MeHee | MM, TIpH- 
YeM OTMeUaeTCA TeHJCHIHA K YMeHbINeHHIO 2, C YBeJIMYeHHeEM CKOPOCTH BeTpa 
(ra6. 1). [IpuBenenubie B JHTepaType JaHHble 10 STOMY BOMpOocy MpoTHBoOpe- 
YHBbI, UTO, MO-BHXJMMOMYy, CBA3aHO C XapaKTepOM BOJIHOOOpa3s0BaHHA Ha BO-- 
JOeMe, 3aBHCAILEM OT pa3MepoB MoceqHero. 


Jla6opaTopua o3epoBexeHHsA Tocryniio 
Axanemun HayK CCCP 16 VI 1960 


IMTHPOBAHHAH JIMTEPATYPA 


1H. II. Pontapes, Tp. Toc. oKeanorp. uucr., B. 37, 128 (1957). 2 I: Tie Koy eae 
Mux, Tp. Toc. okeaHorp. uxHcT., B. 1/3, 224 (1947). 311.1. Ky3pmuun, Tp. foc. rug-- 
pomor. HHcT., B. 11, 67 (1941). *4T. A. OruesBa, Tp. Tsapy. reopus. o6c., B. 59 (121), 
61 (1956). 5 A.W. Copkuua, B..0Tpauesa, Tp. loc: oxeanorp. uncr., B. 38, 
26 (1957). ©G Neumann, Zs. f. Meteorologie; H. 7/8, 193 (1948). 7? So) Haye 
Quart. J. Roy. Meteorolog. Soc., 81, Ne 349 (1955). 
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HNoraagqe Akanemun nayrk CCCP 
1961. Tom 136, Ni 3 


XHMH ft 


HW. ®. BEJIBCKUHM, uaen-koppecnonzent AH CCCP H. HW. WYMKHH 
ur. K. BACHJIEBCKAS 


PFUAPUPOBAHHE KAPBOHHJICOMEP)KAWIUX MPOH3SBORHbIX 
®YPAHA 


PEBPAINEHHE 2-AJIKHJI-5-ALWJI® YPAHOB B 2,6-HHAJIKUJITETPATHAPON KP AH bh 


2-Ankus-5-anundyp ani (1) npv KaTaiuTHYeCKOM THApHpOBaHHH B TMapoBoit 
a3e MOryT NOfBepraTbceA NpeBpallleHHAM B JBYX HalpaBJIeHHAX: 

1. CHayana MoxwKeT BOCCTaHaBIMBaTbCA KapOOHHJIbHaA YTpynna B rpynny 
H,, 4TO MpHBo_LT K OOpa30BaHuio 2,5-qMamKundypanHos (II). locneqHHe mo- 
yT 3aTeM TOyBepraTecaA rHAporeHoM3y B asmudaTuuecKue KeTOHI! (III). Taxoe 
syeHHe peaKUHH HaOmofaeTca, HalipHMep, Ha CKeneTHOM Cu — Al-KaTanu3a- 
ype (“), Ni — ZnO u Ni — CdO (*): 


R I | c—R | a Clare Rig raRerntaedCHaa Ae 
a I R oo i 


(1) (II) Ps (CH, )2 Coe Clears 
| 


OF . (ty 

2. Jko BoccTaHOBJIeHHA KapOOHHJIbHOH Fpylillbl MpOUCXOAMT FrHAporeHowH3 
yYpaHOBOrO IWHKJIa. CnocoOHOCTLIO MpOBOAMTb peaKIMIO B 3TOM HalpaBJeHuH 
OlalaioT MIaTHHOBbIe KaTAIH3aTOPhI, HallpHMep IWaTHHa Ha yruie H WiaTHHa 
a arGecte. Hamu ycTaHoBseHo, uTO (bypaHOBbI WHKJ B 2-aKHI-5-alnadpypa- 
aX HpH THApHpOBaHHH Ha MMaTHHe PacileMIAeTCA HCKJIOUNTeIbHO mo C—O- 
BASH, HAXOJ[AllelicA MO cocezcTBy c KapOoHHsIbHOH rpynmon (%). OOpasyro- 
[HecA B pe3ysbTaTe sToro 1,5-yuKeTOHb! (IV) B ycOBHAX Napodasnoro rHy- 
HpOBaHHA MOMBepraioTcA WHKIH3aWHH B MOHO- H JM3aMelleHHbIe FOMOJIOrH 
uksjorekcaHoua (V1) unu dbenoa (VII). Ha naarHunpopaHHom yruie mpu 300~ 
AIKUNeHObI ModyyaoTca c BEIxXOMamH 50—60% (*): 


a —C— R’— R’ — C— CH, — CHz, — CH, —C— R’ & 
R aN vA R R @ Hy, 


i i 
Beard 0 (IV) O 
(1) ls 
Va R ‘a R 
| | 2a) eal: 
aA \4 
i | 
O OH 
(V1) (VII) 
pupa Ot ie Che Cha Cle CE be 
| 
on Wher! OH 
“ 
HES 
| 
es 
: O 
(VIE) 
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Hamu Oblio nmoKa3aHo, YTO eCJIH THApHpOBaHHe 2-ankuJI-5-aluspypaHow 
IpOBOAMTb pH Temnepatypax 200—230°, To B MpoxyKTax peakIHH ceHoubi 
IIpaKTHUeCKH OTCYTCTBYIOT, a BM€CTO HUX KaTAaJIM3aT COMePpHKUT TOMOJOPH WAK- 
jloreKCaHoHa MW WHKsOreKcaHoua. B HacTosieH padote BiepBble cooOujaeTca 06 
oOpasopaHHu 2,6-qMaKHJTeTparHyAponupanos Mpv ruApupoBaHuu 2-anKHJI-5- 
allMIbypaHOB Ha MJIaTHHOBOM KaTaJIM3aTope. 

1,5-J[uKeTonbl, OOpa3yrollvecd KaK MepBHUYHbIe MpPOLYKTbI rHyporenosmM3a 
2-ankus-5-allusibypaHOB, MOryT WIM WHKJIM30BaTbCA B WeCTH4IeHHbIe Kap6o- 
WuksMuecKHe coequHeHHA (*), HIM B 3aBHCHMOCTH OT TeMIlepaTYPHbIX yCJIOBHH 
rHpHpOBaTbCA B COOTBeTCTByIOHe 1,5-ankaHMombI (V), KOTOpble B pesy.Ib- 
TaTe BHYTPUMOJIeKYJAPHOFO OTILEMJICHHA BOLbI JaroT TeTparuzponupaup (VIII). 
PapyHopecHe JIMKeTOH = AHO C MOHMKEHHeEM TeMIlepaTypbl CiBHraeTCA B CTO- 
pony Juoma, OTKya CreqyeT, YTO OOPas0BaHHIO TeTparHApOnMpaHoB OysleT 
6larOMpHATCTBOBaTb MOHMKeHHAA TemMMepaTypa. JlelicTBHTebHO, KaK TO0Ka- 
3aJIM HalIM OMBbITHI, C HaHOOJbIUHM BbIXOQOM TeTparHyponupanbl OOpasyroTca 
mpu 200—220°; npu 300—350° Terparuyponupaubl B MIpoOmyKTax peakIMH Mpak- 
THYCCKH OTCYTCTBYIOT. 

JipyruM ycoBveM, OwlaronpHATHBIM JIA Oomee ryOoKOrO MpeBpalleHua! 
1,5-24KeTOHOB B 1,5-(HOJIbI ABJIACTCA MOBbILWeHHe JaBsJIeEHHA BOOPOfa B peak- 
IMM THIpHpoBaHHA. Onako MpoBeyeHHble HAMM OMBITHI NO TH{pHpOBaHHO Ha 
Pt —C 2-metus-5-aleTHdypaHa B MpOTOUHOH CHCTeMe pH aBsIeHHH BOJO- 
poma 50 aTM. MoKa3aJIM, YTO B STHX YCJIOBHAX NepBHYHOH peakIHeH ABJIAeTCA 
He PHporeHowH3 dypaHoOBoro WuKJa, a BOCCTaHOBJeHHe KapOOHHJIbHOH rpyniipl 
C MocueqYyIOULMM FHAPpHpoBaHveM M TrH~poreHosM30M cbypaHoBoro Kosa (°). 

IIpeppameuue 2MeTHA-5-aneTuradhdypana B 2,6- 7u- 
M€T H UTE TD ara t pO Mepeaa TD uapupopanne 2-MeTHJI-5-alleTHJI- 
(bypana (T. kum. 68—69° (VII); 75 1,5090; dz? 1,0655) na Pt — C mpu 200—210° 
HW OObIKHOBEHHOM JlaBJieHHH C OObeMHOH CKOpocTbio 0,1 yac7? paeT 2,6-4HMeTHJI- 
TeTparvpONHpaH C BbIXOJOM 25—35 %: 

, re Delfi | 
‘a | ip H,, Pt—C | | 
Sareea / Ce a ogo CH CHa: | 
i ; 3—\_— Cis; | 
O O 
2,6-HMeTHJITeTparuaponupan cofepxKasca BO @pakuuu c tr, Kun. 111—113°. 
TlokasaTemb MpeoMenuA STOH cbpaKiHu KOeOanca or np 1,4195 B onbiTe, 


IpoBeyeHHoM mpu 200°, yo nf 1,4220 B ompite mpu 220°. Sto yKasprBano Ha 
IIpHCyTCTBHe BO (ppaKUHH KaKHX-TO JpyrHX BelljecTB, KpoMe 2,6-2MMeTHUITeT- 
paruyponupana. CnekTpaJibHbIM aHaJH30M BO *paKUHu, BbIKHMalolleH B Mpe- 
nemax 111—113°, Opin o6Hapyxen Toyo. Kak Hamu G6plI0 NOKa3aHO paHee 
(*), NocieqHH MoyyaeTCA BOCCTaHOBJICHHeM M-Kpe30/1a, KOTOPbIii B CBOIO OUe- 
peqb oOpa3yeTcA WHKIH3alHeH renTaHqMona-1,5-nepBuuHOrTO MposyKTa rHy- 
poreHoM3a 2-MeTuu-5-aneTundypana. Jia nomyyenua 2,6-RuMeTHJITeTp arnmpo- 
Nupana B Ooviee YMCTOM COCTOAHHN *ppakuHsA c T. Ku. 111—113° Obima nogBepr- 
HyTa ruypupoBpanHio Ha Pd —C npu 180° B mpoTouHOH cHcTeMe C leJIbIO 
IIpeBpalleHuA COfepxKallerocA B Hel TOsyOa B MeTHMKNOreKcaH. Ilocse 
pasroHKH KaTaM3aTa Ha ScpPeKTHBHOH KOJIOHKe Haj, HATPHeM BbIJeJeHHbIN 2,6- 
QMMeTHJITeTparnyponupan OONalal CeqyIOU\MMH CBOHCTBaMH: T. Kun. 112— 
113° (750), dy 0,83884; nS 1,4180. 

2,6-[umetusterparuaponupan OblI MOsBeprHyT 3aTeM W30MepH3allHH Ha 
Pt — C B naposoii chase npu 350° B rentaHon-2: 


VX Pt—C, 350° ; 
| => CH, C= CHy — CH Ce = CH; CH esos 
CHAE od; 1 
O O 


TlonyuenHbii renranon-2 o6nayan cyleqyIOulHM CBOlicTBaMH: T. KH. 148— 
150° (745), n51,4096; d3° 0,8160; cemuKap6a3on, T. nu. 121°. 
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IIpeppameuue 2-MeTHA-5-NponuvoHuadbypana B 
2-MeTHA-G6-9THUNTeETParuAponupan. 2-Metua-5-nponvonua- 
cpypaw (tT. Kum. 68—70°(3); n° 1,5032; d» 1,0394) noysBeprasca ruypupo- 
BaHUIO NO MpoTOUHOMy MeTOoxy Ha Pt — C npu 200—210°: 


He, Pt—C | ue CHg == CHsz. 
10° mA 


| | EER 
4 


i 200 — 210 
O 
2-Metus-6-9THTeTparuyponupaH, momyyeHHbIi c BEIXOJOM OKONO 20%, co- 
AepKanch BO dpakunH c T. KUN. 133—136°; d? 0,8485 un n%® 1,4300. Cnrex- 
TPabHbIM aHaJIM3OM B STOH PpakuHH Obl OOHAPy>XKeHbI CJleqbI STHIOeH30NAa UH 
OpToKcusona. HecomHeHHO, 4TO 9TH yreBOLOpOAHI O6pa30BasUCb TaKMM Ke Ty- 
TeM, KaKOM BbIlle Obl yka3aH IA OOpas0BaHHA TONyONa Np ruzpupoBanun 
2-meTu-5-alleTHdyp ana. ‘ 

_ WHsomepusanusa 2-Metus-6-9THITeTp aruzponupana B naposBon daze Ha Pt — C 
mpu 320° jana cMecb OKTaHOHa-2 4 OKTAHOHA-3: 


| CH; — C — CHz — CHy + CHy — CH, — CH2 — CHs3 
Pt—C iH 
O ‘ 


320° 


CHs — CHy— CH» — CHz— CH, — C — CH, — CH 
I 
O 


IIpeppamenue 2-9Tua1-5-nponuoHnndypana B 2,6-qu- 
STUN TeTparugponupan. 2,6-J[uotuTerparuyponupan Opi NosyueH 
HaMM C BbIXOJOM OKOsIO 20% pH ruyzpupoBaHHA 2-9sTHI-5-nponMoHUMpypana 
{r. kun. 107 — 108°(16); np 1,5000; d,° 1,0152), B mporowHod cucteme Ha 
Pt—C npu 200 — 210°: 


= Ke a 
| | My Pt—c Ea 

CH3 — CHe—\ + C— CHe: CHa Area Cliga lta \ 7 — CHz — CHs. 
oO b 200—210 O 


2,6-J[ustunrerparuyponupak coxepxasca BO PpakUMN C T. KUM, 155 — 158°; 
d;° 0,8489; n> 1,4353. : 

 B pesymbtate w30MepH3ainn asTOu ppakiwuu B MapoBol dase Ha Pt—C 
mpu 320° Opin momyseH c pBbtxoyom 90% HOHaHOH-3, T. KHIM. 190 — 191° 


(755), d2° 0,8230; n% 1,4210: 
. x 


L | Pc 


CH3 — CH, — \ / — CH2 — CHs “320° 
O re) 


—. CH3 — CHg — G CHa CHe CH2 CHs CHe CHs. 
I 


He ucksoueHo, TO NOMyYeHHbIe HAMH TeTparHApONMpanbl CosepxKasM MpH- 
MeCb He3HAdHTeMbHOFO KOJIMYeCTBA YrsieBOLOPOAOB WHKMOreKCaHOBOrO pxAsa, 
(COOTBETCTBYIONUX APOMATHYECKUM yrvieBONOponaM, oOpa3y!OWlMMCA B KauecTBe 
MOOOUHEIX MpOLyKTOB pM Tusporenosse 2-anKMJ-5-alMadypaHoB Ha 
Pt — C (cM. sprue). Sto Tem Gomee BepOATHO, UTO TeMNepaTypa, Mp KOTOPOH 
MeT OOpasopanve TeTparugpornupanos, OlaronpuAaATHa Takx%Ke M AA Mpeppa- 
UleHHA OeH3OJIbHOPO KOJIbIa B WMKJOreKCaHOBOe. 
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B 3aksloueHHve CuleqyeT MOMYEPKHYThb, UTO jlasibHeliwee H3yYeHHe peakIMH 
rupHpoBaHHA KeTOHOB (pypaHoBoro psa MOXET jlaTb HOBbIM OOULMH MeTOL 
CHHTe3a TPYMHOMOCTYNHBIX TOMOJIOFOB TeTparviponmup ana. . 


Wucrutyt oprannueckolt XHMHH VM. H. J. 3enuuckoro Mocrynusio 
Axayemuu Hayk CCCP 21 X 1960 


LUTUPOBAHHAA JIATEPATYPA 
1H. MW. WykKxun, WH. © Beape «wt, JAH, 131; 109(1960). * H.W. Myme 
H 


kun, H.®. Benpexui, KOX, 29, 1096 (1959). ®H. UW. Wyikun, VY. ®. 
Beabckui, DAH, 127, 359 (1959). 4H.U. WytKun, HW. ® Benpekuh 
Tr. K: Bacuaesckaan, HAH, 1382, 861 (1960). 5H. UW. Wyaxun, HU. ®, Bed pr 


ckuit, JAH, 131, 1117 (1960). 
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Jloxnagm Aragemun nayrx CCCP 
1964. Tom 136, Ni 3 


XHMHA 


A. B. BOPAHOBA, saen-Koppecnongent AH CCCP M. ©. WIOCTAKOBCKMM 
uf. H. MJIOTHHKOBA 


CTEPEOHATIPABJIEHHbBIE CHHTESbi HA OCHOBE JMAUETHJIEHA 
YW H3OMEPHBIE NPEBPAIWEHN 5 1,4-BHC-(APHJITHO)-BYTAJWEHOB-1,3 
MW UX AUCYJIbPOHOB 


B paHHux paOotax Hamu (*-*) Gplno0 H3y4eHO B3aMMOjeliCTBHe JMalleTHIeHAa 
cO CHMpTaMH MW MepKaliTaHaMH HW NOKa3aHa CTYNeHYATOCTb 3STOFO, B3aMMOzel- 
cTBua. © mMepKanTaHaMu BHauasle OOpasylOTCA ITHHHJIBHHUJIOBbIe THOS@UpEI, 
a 3atem 1,4-Ovc-(ankus, apun)-THOSyTaqneHbI-1,3. IIpH 9Tom O6p1m0 Haiizeno, 
yTo 1-A cTaqMA peaKIHH MpoTeKaeT MpeHMylleCTBeHHO MO HOHHOMY, 2-9 cTa- 
MA — raBHbIM OOpa3s0m NO CBOCOLHOpayHKaJIbHOMY MexXaHH3My (2-4): 


RSH RSH ; 
Clit 1G — CH —__ > CH = © — CH = CH — SR = RSCH = CH — CH =]CH — SR 
(I) (II a, 6, B) 


IIpu clekTpockonMyeckHX HCCIeEOBaHHAX BbIJeJIeHHbIX MPOW3BOAHBIX Ha- 
eTHeHa.MbI (°), a 3aTeM HM Apyrve aBtToppl (°) O6HapyxHIH OOpasoBaHHe cMe- 
cei cTepeov3omepos 1,4-Ouc-(ankus, apHsi)-THOOyTaqneHoB-1,3, 4TO  no- 
OyAH0 HAC 3aHATBCA WU3yYYeHHeM CHHTe3OB Ha OCHOBe JMalleTHIeHa C TOUKH 
3peHHA UX CTepeOHanpaBseHHOCTH, TeM Ooslee, YTO WO ToceqHero BpeMeHH 3TOT 
BOIpOc COBeEplieHHO He H3yuaCcA. M3BectTHbI pacorei M10 H3yY4eHHIO yCOBH CTe- 
peOHalpaBJIeHHbIX CHHTe3OB Ha OCHOBE alleTHJIeHa HM BHHMJaleTHeHa (’, ®) 
u padotb! Tpyca (*) c OmMcaHHeM HOHHOTO MpHcoeqHHeHHA MepKalTaHoB °K 
MOHOalleTHJieHaM. ABTOpaMH jleslaeTCs| BbIBOJ, O TOM, YTO 9TAa peakILuA caeyet 
mpaBusy TpancHyKsecubHOrO TIpHCcoesMHeHHA. Crepeoxumus peakiwi mpH- 
CO@AMHEHHA K 3aMeILeHHBIM alleTHJIeHaM u3yyasacb Hasaposnim wu Beprespco- 

Hom (1°). ApTopbl Halll, YTO B HOHHBIX yCJIOBHAX 3Ta peakUHA MpoTeKaeT c 
O6pa30BaHHeM I[MC-OJlePHHOBHIX MPOH3BOAHbIX, 2B CBOOOAHO-payHKaJIbHbIX OHA 
He cTepeocnelu@uyHa HW 3aBHCHT OT 3aMmecTuTeIeH. Muroddex ("') usyaan cte- 

_ peoxumuto cuHTesa | ,4-6uc-(aleTOKCH)-OyTaqveHoB-1,3; BHINeeHHbIe Ip STOM 
3 M30Mepa JOKa3aHbI CIleKTpOCKOMMYeCKH WH JMeHOBbIM CHHTe30M. HegaBno of- 
HMM H3 Hac c IIpunexaespoi u Lpi6ar ('*) u3yueHa cTepeoxuMuaA peakiuH 
MpHcoeqHHeHuA OyTHIMepKalTana K 3THHUJBAHUITHOOyTHIOBOMy aipupy u 

_OblIO HaleHO, 4TO B HOHHDIX YCJOBHAX 9TA PeaKIIMA MpoTeKkaeT aHamornu- 
HO MOHOA@IILCTHJIGHOBbIM 3aMeLIeHHBIM, T. €. CJleqyeT MpaBusly TpaHc-mpucoe- 

‘juHenna (*). Vso0meppr 1,4-6uc (6yTuTHo)-6yTaqueHos-1,3  aBTopbl xapakTe- 
pH30BaH B Be CyYyJIbPOHOB, MNOJIyYeHHbIX pa3JeJIeHHeM OKHCJIeHHOIi 
cMecH MepBbix. B paOote ofHoro u3 Hac c Uexyviaerol u Kongpatbeson (1°) 
TakxKe MOKa3aHa CpaBeAHBOCTb STOO NpaBusia JIA CHHTe3a B HOHHbIX 
ycnopuax N-cojep2kallux MpOu3BOAHBIX IMalleTHsIeHa. 

[lembto Halliero HcCieqOBaHUA Oblyio H3yyYeHHe yCJOBMM CTepeoHatipaBsen- 
HOCTH CHHTe30B 1,4-6uc-(apuuTHoO)-OyTaqHeHoB-1,3 Ha OCHOBe AMalleTUeHA 
WM apHJIMepKanTaHos, BbijeseHHe UX CTepeOH3OMepoB, a TakxKe UCCIeqOBaHHeE 
HeKOTOPbIX HX CBOHCTB H MpeppallleHHit. ns sToro MbI BbIOpasH THOdeHou, 
oOpasyrouluit C AMalleTHeHOM KpHcTamiMueckHe 1 ,4-Ouc-((penusTHO)-6yTayu- 
‘eubl-1,3. CuHte3 3THX COeMHEHHH MbI IIpOBOJMIH B YCJIOBHAX MOHHOTO H pamu- 
Ka@JIbHOFO MIpHCoeqMHeHUA, a TaK%Ke MPH OHOBPeMeHHOM BosselicTBHH O6oux 
Boise (ra6a. 1). Bein Beigesenbi 2 KPHCTasWINYeCKHX IpoxykKrTa, NozBepraB- 
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IIMeCH OKHCJICHHIO, H30MepH3alMM M ONTHYeCKOMy McCMeqoBaHutO. OHH 43 
BUULeMCHHSIX MPOYKTOB OKa3a/ICH MHAMBULYaNbHsIM IWMc-1Mc-H30MepoM 1,4- 
6uc-(benuntuo)-6ytanuena-1,3 (Ila), a BTOpoH — cMecbi0, comepKallet 80% 
116 u 20% IIs. Dra cmecb Oblna pasqemeHa Moce OKMCAeCHHA B YCOBHAX, 


Ta6anuna 1 


Tipo- 
TOJDK., 
yac 


T-pa onbul- 


Bpixog, 
Tac 9 


To pm. I, 3G 


| KatanusaTop, pacTBOpHTeJIb 


’ 


4* | KOH, rugzpoxunon, quoKcaH,| 30—35 42 | 40,0} 81—82 Ila 


CNMpT 
2, #* Kucnopox Bosayxa, rentaH 70 412 | 43,7 | 40—41 Tl6 w B 
Qa » » » 35 42 8 40—41 116 up 
1957 81—82 Ia- 
3 *** | KOH, kucnopoq sBoszyxa 30—70 9 |26,2+) 81—82 Ila 
qMoKcaH, CNUPT +23,1) 40—41 JI6 a B 
4** | Kycnopox Bo3qyxa, reltaH 70 12 | 80,0 40—44 
(¥3 STHHHIBHHHATHOPe- Ha | II6, B 


HuOBOrO apupa) 


*Kpucramapt Ila, BbInaBWMe NpH OXNaAKAeHvH KONObI ZO KOMHATHOM TemnepaTypH, Opl- 
Aa OTPHIbTPOBAHLI, MPOMBITb! BOAO H NeEPpeKpHCTaH3OBAaHbI H3 CNMPTa, KaK H BO BCex cyly- 
qanx, JO HeU3MeHsIOUelcA TeMNMepaTYpb! NwiaBsenua. 

** Cmecb 116, B BbIqemeHa KPpHCTaNIH3auHel H3 CnMpTa OCTaTKa, Nocme yAanenua ren- 
TaHa H THOMeHONa B BaKYVMe. 

*** PeaKnHlO MpOBOZHTH MpH 35° B TeveHHe 6 4aCc., CMECb OCTABJIANIH Ha HOUb MPH KOM- 
HaTHOH TemMnepaType H 3aTeM HarpeBasH Mpu 70° 3 uac. Bpigenenne Ila kak B onbiTe 1. Hs 
J{MOKCaHOBOrO pacTBOpa BOO BbICAKeHO HEKPHCTaINHSyOUleecA MaCJIO, H3 KOTOPOrO pasroH- 
KOii B BakyyMe Mosyyena cmecp II6 uw B. 


TaOauua 2 


Hatigqeno, % BuruucneHo, % 
BpiqeneuHblii crepeow3omep| T. mu., Ilpunmuchipaeman 
Ar = GH, °C KOH@urypalua Cc H | S Pa 4 | ; 
ACSe) oe 81—82 WHc- M,14) 5,20 | 23,64) 71,06) 5,21 | 23,71 
7 ae IHC 74,23 | 5,42 | 23,89 
ee SAr Ila 
ArS SAr| 40—41} cmecb Tpane- }|74,41} 5,42 | 23,70}71,06} 5,24 (23,64 
ie Ars) | TpaHe u 70,88 | 5,37 123,68 |: 
7h eet ILHC-TpaHc 
= = 
116. SAr IIs 
ArSO2 | 157,3— ILHc- 57,24 | 4,18 1419510 157,16) 4,24 1 41O.4e 
a 157,8 ILHC 5700) 4,24 W191 G 
i 4nSQs4n “Tlka 
ArSO» 188 — rpauc- 57,15| 4,36 |19,13/57,16] 4,21 [19,47 
lle 189 TpaHc 07,00] 4,49 | 18,99 
=I 
“il 
SOsAr II16 
ArSO, _|SOsAr 12.5— ILHC- 57,34} 4,21 | 49,18 }57,16)-4,24 p40 47 
ee | i Ills 113 TDAHC 57,45 1 4,24 | 19,07 


here 


HCKJIOYAIOMLHX H3OMepH3alluno. B pesyibTaTe Ob BbINeJIeHbI BCe TPH BO3MOX- 
HbIX H30Mepa 1,4-Ouc-(penusmcymbdou)-6ytagquena-1,3 (IIla, 6, B) w uccaego- 
BaHbl UX CTepeOXHMMyecKHe MpeBpatienun. BpieneHHbiIm cTepeou3omepam 
(Ta61. 2) Mbl TIpHmucbIBaeM KOH®UrypalMH Ha OCHOBAaHMM ux (busH4ecKAXx 
CBOHCTB. WH H3OMepHbIX MpeBpalleHH mo cmemyrouleHh cxeme, rye Ar = C,H;. 

Ifuc-uuc-ctpyktypa (Ila) oKasana KOJM4eECTBEHHO lipoTeKatoleri 
W3OMepHsallvet ero IPM HarpeBaHHu MH No BAuMAHMeM J, HM OCBeILeHHA 
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B cMecb II6 u B, 4TO XapakTepHo ja 1,4-Onc3amenleHHbIx OyTaqneHos-1,3(7,1"), 
a TakxKe Nowlyyennem u3 (Ia) cympcboua (IIIa) C KOJIHYECTBEHHBIM BEIXOOM. ITpo- 
AyKT c T, na. 40—41° asnaetca cmecnio II6 u B, YTO AOKasbIBaeTCA OOpa3zoBa- 
HHeM IPH erO OKHCJICEHHM CYJIb(OHOB, JIerKO pa3yesembIxX Ha III6 u IIIs, no- 
noOuo ApyruM OyTayMeHoBbim cymbdouam ("). CoorHomienve Temnepatyp m1aB- 
J@HMA BbIeJIeHHEIX H30Mepos [la, 6, B u IIa, 6,B xapakTepHO ANA H3yYeHHBIX 


pauee (71°) 3amemleHHBIX HOHN. 
OytamveHos-1,3, T. e. Se o Ane 
CaMbIM HHU3SKOMJIABKHM SArf(la) Ae Ar (Illa) 
OKasaJICA  —« WHC-TpaHc-, Ars | ag1 ArSO, |: 
a CaMbIM BBICOKONMIaB- |) Nr = 
KMM  TpaHc-rpanc-u30o- |; ___} 5 ; ns 
Mep. i Lee 

CmeliaHubie pop! He | Seals aa a 
RaloT jlenpeccuu TOUKH ie a Le a cee 
MaBeHHA,a MaBATCH B DaAER ss ds aia Li (ills) 
WHpOKHX  TeMMepatyp- aa 


HbIX HHTepBanax. [nagko mpoteKaiculan usomepu3sauna c J, (7, “) Ilan Ills 
B III6 Taxxe nomTBepxKaeT NpaBHIbHOCTh MPHMHCaHHbIX CTPyKTyp. 

B y.-d. cMekTpax Bce BbIPeeHHbIe H3OMePbI MMEIOT MONOCy MorseuleHua B 
oOmacTH 240 Mp, uTO TOATBepxKaeT UX GOyTamMeHOBylO CTpyKTypy. B u.-K. 
cleKTpax HalijeHbl nosmoce: normonjenua za Ila mpu 702 u 760 cm, otcyr- 
cTByloulHe B CnekTpe III6, ana [116 —ouenb nHTeHCHBHAaA Mosoca mp 992 cm ?, 
oTCyTCTBy1oOllad B cMekTpe IIla. W.-x. cnextpp I]]B coxepxaT nosoch Torvio- 
meHHA mpu 697, 765 u 992 cm-!, sBastommeca OOmuMH pA IIIa u III6. Bce 
HaHJeHHble MOJIOCh NOrOMeHHA XapakTepHbI JIA TeOMeTPHYeCKHX HSOMePOB 
OyTayHeHOBLIX MPOM3BORHEIX, H3yYeHHBIX paHee ('~**), 

Takum oOpa30M, H3yyeHHe CHHTe30B Ha OCHOBE AMalleTHeHAa H THOeHOA, 
TIPOBeCHHBIX B Pa3JIMYHbIX YCJIOBHAX, MOKA3aJI0 BOSMOMKHOCTh MpOBeeHHA HX 
cTepeOHalpaByenHo. Tak, B HOHHBIX ycnoBuAX (ombIT 1) HaMH OcyllLecTBJIeH 
cTepeocnenn@uyeckul cuHTes WHc-WuCc-1! ,4-6uc-(eHHsITHO)-OyTagnena-1,3 (Ila), 
a B YCNOBHAX CBOOOAHOpPamNKaJIbHOTO MpHcoeAHHEHHA THOMeHOAa K PuAaleTH- 
JieHy WM B CMelIAHHEIX YCJIOBHAX MOsyyeHa CMeCb BCeX TpeX H3OMepoB, cosep- 
}KaHHe KOTOPHIX 3aBHCHT OT TeMMepaTypbl ONbITa (ONbITHI 2 H 2a). CBo6osHOpa- 
AuKasbHOe MpucoeyvHeHve THO*eHOMa K ITHHVJIBUHHJITHOPeHHJIOBOMY SPUpy 
(1), raaqko oOpa3yiomlemMy WHAMBYyabHbI Onc-MepkypaileTunenuy (La), 
IIpHBOLMT K OOpaso0BaHnio cmecu II6 u B (onpiT 4). 

Tlonyyenuble pe3ybTaTb! CBUACTEILCTBYIOT O TOM, YTO B3aVMOJehCTBHe WHa- 
WeTHIeHa C THOJIAMH B HOHHBIX YCJIOBHAX COCTOHT B IIpHCOeAHHEHHH 2 MOJeKyJI 
THONa K OOe€HM ALleTHJEHOBLIM CBA3hM, MOOOHO MpHCOeAMHEHHIO THOJIOB K MO- 
Ho- (°, *°) w aM3amemeHHEM (1°) alleTHIeHaM, T. e. NO NpaBusy «TpaHcHyKuieo- 
(PWJIbHOrO MpvcoeqMHeHUA» HM COrmacyeTCH C BbIBOJaMH, CelaHHbIMH Ws 
peakUMH MpucoequHeHHA OyTHIMepKanTaHa K 9THHHJIBHHHJITHOOyTHOBOMY 
apupy (7). B ycnopuax cBoOomHopamuKabHoro B3aMMOjleHCTBHA fMalleTH- 
JleHa C THOeHOJIOM OMMCLIBAeMaA PeaKIIMA MpOTeKaeT HecTepeocnenupu4yHo, 
C O6pa30BaHHemM CMeCH H30MepoB. 

Wuanetuneu u ITHHHVABHHHATHOMPeCHHIOBHH 
3dup (I) cuntesupopanbi 10 onvcanHomy Hamu MeTogy ('). Bucmepxypate- 
TuneHuy, Hg(C = C — CH = CH — SC,H;), (1a) mpurorosmen, Kak ONHCaHO 
(7 as c BbIxon0M 75%, T. ma. Ia 167, 5— 168° (u3 Tomyoma). 

Hanneno %: C 46,78; HH2,90: "512,24 
CopHiaS2Hg. Brruneneno %: C 46,28; H 2,72; S 12,33 
CuutTe3 cTtepeou3s0mepupx 1,4-0uc-(peHusTuo)-OyTa- 
‘nue HO B-1,3. Cuntesp Ila, 6 u B NpOBOAMINCh U3 AMalieTuseHa (4 r) UM THO- 
| @enona (18 r) (MonekyspHoe oTHOMenne | : 2) B KONGe C MeManKOH H TepMome- 
| Tpom. JlanHbie HaHOoee THINMUHIX OMbITOB COOpaHbl BTAON. 1, XapakTepucTHKAa 
| BbIeeHHbIX H30MepoB — B Ta61. 2. B onpite 4 HCXOMHbIMH NpOAYKTAaMH ABJIAJCb 
_ STHHVIBHHHJITHOPeHHNOBEIN apup (3 r) Hu THOdeHO (4,1 ©). IIpogyKt ¢ T. m4. 
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81—82° (Ila) — 6embie HrombuaTble KPUCTAaJJIbI, yCTOMUMBbIe IPH XpaHeHHH NpH 
KOMHAaTHOH TemMMepatype H He H3MeHAIONMecd pu Nwapsenun. Ilpogyxt c 
tT. ma. 40—41° (116 u B) — OecuBeTHbIe OnecTAMMe MacCTHHKH, NeperoHseTca 
npu 200—201° (2,5 mm); 1p xpanenun OBICTpo TeMHeeT, NpeBpalllaich BMaCJO, 
H3 KOTOPOFO BbIalaloT KpHCTasb! WMpenuucybhuya c T. WI. 58,5—69°. 

Ilonyyeuue uuc-uuce-14-6uce-(enuacyasngpoyn) - 
6yTtTanuena- 1,3 (Illa). K 0,5 r (0,0018 mons) Ila B 7 Ma a6c. shupa mpu 
lepeMelIMBaHHH HM OXNaxKJeHuu Jo (—5) — (+3°) mpuOaBnanoch 0,361 (0,006 
Mosa) MepyKcyCHOH KMCJIOTBI. CMecb MepeMeliMBasacb elle 12 4ac., ocazoK 


[Ila 61m oTmUALTPOBAH, MpOMBIT SHpOM HM NepeKpHCTaMIM30BaH 3 CMMpPTa. | 


Burxog, IIIa 0,55 r (91,6% or Tteopun). T. na. 157,3—157,8° (ra6n. 2). 

PasyeneHue cmMeCH WUC-TPaHec- H THPaAHC-TpauHc- 
u3omMepos (II6 u B). B onucaHnblx Bie ycnoBuax u3 0,5 r MposyKtTa 
c T. ma. 40—41° nonyyeno scero 0,5 r (84% oT TeOpHu) AMCybpoOHOs. 
TlepponauambHO BbIMaBUIMii M3 peaKUMOHHOH Maccbl OCagqOK Obl OTJe- 
eH, IPOMBIT BOLO HM MepeKpucTalmu30BaH M3 cnHpTa. T. na. III6 188—189°, 
Bec 0,4 r, 4TO cocTapaseT 80% CMeCH BbIJeeHHBIX Cybponos. M3 pactsopa 
cepHoro sibupa, momyyeno 0,09 r (18%) IIs ec tT. m.112,5—113° (us cnupra). 

Usomepu3anuna wuc-nuc-14-6uc-(hbenuaTuUo) -Oy- 
Tagqueua-1,3 (Ila). 1,5 r Ila. Harpepanucb B Ko6e C OOpaTHEIM 
XOJIOMHbHUKOM 30 Muu. mp 200°. Tlocne oxnaxKeHua, IpOwyKT MepeKpHetas- 
M30BaH M3 CupTa, T. na. 40—41° (116 u IIs), Berxog ero 1,4 Fr (93%). 


ines, WAG One WO, o8 Into Are SRNR SS Zeaa%e 28) iy 
CygHyaS2. Bpruncneno %: C 71,06; Jel (5) 5248 S286 al 


0,10 r Ifa B 2 Ma quoKcaHa c KpucTanmMKOM J, OOyuaIH MaMnOH JHeBHOrO 
cBeTa lipH 25—30° B Teyenue 1,5 uac. Ilocme yqaneHua JMOKCaHa, MpOMbIBKH 
BOMOH H KPUCTAaNIM3allMu M3 CHupTa Oplio nogyyeHO 0,095 r (95%) npoxyKta 
ce tT. na. 40—41°. IIpu 6onee nposomKuTebHOM OOYUeHHH, BbIXOL MpolyKTa 
YMeHbWUaJICA, a H3 OCTATKA OblJI BbIAeeH WHeHHIAUCy LU Cc T. MI. 58—59°. 
Msomepvsauna Ila nponcxoquna TakwKe MpH MeperoHKe ero B BakyyMe. 

Mso0mepu3anua wuc-nuc-1,4-6uc-(apuacyabgon)- 
OyTtTaguenHa-1,3 (Illa). 0,1 r Illa B qnoxcaHe c J, ocTaBneHO Ha Coum- 
HeYHOM CBeTY B TeyeHHe 2 Hel. Bpigeneno 0,99 r Il]6c rT. ma. 188—189° (us 
cMMpTa), He Jlalollero felipeccwH C aHanMTHueCKH 4MCTHIM Tpenapatom III6. 

MW30mMepu3anuan wuc-Tpauc-14-6uc-(eununapuns- 
cynmbdoun)-6ytagueuna-1,3. M3 0,05 r Ulecr. na. 112,5—113° 8 
mMoKcaHe c Jy Tlocule OONyYYeHHA KBaplleBOH JIaMNOM B TeyeHHe 3 4aC. BbIeJeHO 
0,05 r [11]6c tT. ma. 188—189°, He yatoulero Jempeccuu c aHamuTMUeCKH 
uucTbim II16. 


Wnctaryt opranvueckow xumun un. H. J]. 3emuHcKoro Tloctynusio 
Akagemuu Hayk CCCP 14 IX 1960 
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Lornaygn Akayemuu nayrx CCCP 
1961. Tom 136, Ne 3 


XHMHA 


A. K. 3E®HPOBA nu A. E. IHHJIOB 


KMHETHKA HW MEXAHH3M B3AHMOREHMCTBHA 
AJIKHJIOB AJIIOMHHHS C FAJIOTEHHJAMYW THTAHA 


(ITpedcmaeaeno axademuxom B. H. Koxdpamvessim 8 VII 1960) 


_ Heasyo B page paoor (1°) Oblo noka3aHoO, 4YTO Tp B8aHMOLeHCTBHH aKH- 
JOB aJOMHHUA C JMIUMKONCHTAMeCHUITHTAHANXJOpHOM OOpa3syloTCA pacTBo- 
P¥Mble NpOAYKThI, COCOGHbIe KaTaJIH3HpOBaTb NOMMMepHsalluio sTUIeHa. B Ha- 
ile mpefbilyien craTbe (4) MbI NpHBeIH LaHHble O CTPOCHHH KOHEYHBIX Mapa- 
MaTrHUTHBIX KOMIJIeKCOB, OOpasylOUlNXCA B pesyJIbTaTe peakiwHH. XOTA B MpH- 
C€yTCTBHM S3THX KOMMVJIEKCOB HW MpOHCXOMHT MOJHMepH3allHA STHIeCHa, HO UX aK- 
‘THBHOCTb 3HAYHTeIbHO MeHbIUe, YEM AKTHBHOCTb pearupylolleli CHCTeMbI, Ta- 
KOH, KaK, Hanpumep, (C;H;),TiCl, — Al(C,H;),Cl. Takum o6pasom, Haudouee 
A@KTMBHbIe YacTHUbI OOpasyloTcA HM HCuesaIOT B Mpolecce BoccTaHoBseHHA Ti**. 
Flostomy mpeAcTaBJI AIO 3HAYUTeJIbHbI HHTepec BbIACHHTb JeTa/IbHblit MEXAHH3M 
B3aMMOJeHCTBHA AJIKHJIOB aJIIOMHHHA C rasloreHuaMH THTaHa C onpeyeAeHHem 
CTPpOeHHA YaCTHM, yYaCTBYIOWHX B Mpolecce BOcCTaHOBJIeHHA. B Hae pa6o- 
Te Mbl MpHBOAUM pe3yJIbTaTbI 0 B3aMMoselcTBMIO (C;H;),TiCl, c Al(C,H;)s3; 
AI(CH;), # Al(C,H;),Cl um genaem nonbiTKy NOCTpOHTbh MeXaHH3M Mporecca, 
OOoOWHB Halld M HTepaTypHble aHHble. 

I. Peaxkwuua (C,H;).TIC], c AI(C,H;)3. B stow peakuuu, KoTopaa 
NPOHCXOZHT OUeHb OBICTPO, THTAH BOCCTaHaBJIMBaeTCA C OOpa3s0BaHHem rowy- 
6oro KOMIvIeKCa 10 cxeme 


(CsHs5)2 TiCle + Al (CeHs)3 — (CsHs)2TiCleAl (CeHs)2 (LV) 4- 1/2CeH6 + 1/2C2Ha- 


SraH oOpasyerch B KOJINYeECTBe, COOTBETCTBYIONUIEM NOAOBHHE  B3ATOFO 
(C;H;)2TiCl,, uro PopMasIbHO. COOTBeETCTByeT AHCMPONOpWMOHKPOBaHHlO 9THVJIb- 
HBIX Tpylh. OTHMeHa BCera MOsyyaeTCH MeHbUIe, eM 9TaHa; OOPpas0BaHHA 
OyTaHa He HaOmofaetca. AHanoru4yHO pearupyloT aKMbl amiomuHHA c TiCla. 
OtTjMune 3aksIoO"aeTCA B TOM, 4TO B 3TOM Culyyae Ti BOCCTaHaBJIMBaeTCA JO 
Oomee HH3KHX CTeneHel BaJIeHTHOCTH, 4eM 3+, TO3TOMY MpH He O4eHb 
OO/IBUIMX OTHOWIeHHAX Al k Ti amkaHa Nouy4aeTCA MONOBHHA MO OTHOLIeHHIO 
K B3aTtomy Al, a He K Ti, Kak B cayyae (CsHs)2TiCle. YmMeHbuIeHHbIH BbIXO 
STHeHa MO CpaBHeHHIO C 3TaHOM OObINHO OOBACHAIOT YaCTHYHOM MOMMMepH- 
3alveH 2THNeHa. Mb Halllu, 4TO MpH pa3sJIOKeHHH MpOyKTOB peak- 
uuu (CsHs)2TiCle2 u Al(C2Hs)s Boso nomyuaeTca OyTaH (oKoONO0 20% MO oT- 
HolleHuio K B3aToMy (C;H,),TiCl,Al), aro MOxkHO (bOpMaJIbHO OObACHUThb Kak 
BCerO JIMIl[b OMHOKPaTHOe BHepeHHe sTHieHa mio cBA3H Me — CB mpouecce 
BOCCTAHOBJIEHHA. 

Il. Peaxuua (C,H,).TiCl2 c AI(CH;)3. B 9Tom cayyae npu cMBaHUH 
TOJIYOJIbHBIX paCTBOPOB peareHTOB BOCCTaHOBJeHHe THTaHa HeT MejVIeH- 
HO HM romyOo KomnsmeKc Tuna IV np stom He oOpasyercs. IIpu nposexennu 
peakIHH B IpHcCyTCTBHU 9sTHeHa HaGmOfaeTCA ObICTpoe H3MeHeHHe IBeTa OT 
KpacHoro JO romy6oro, Mpwyuem BbIeIAeTCA MeTaH H MpONCXOANT MorsowleHHe 
eTuieHa. Okasanocb, 4To OOpa3syloulHiicaA B STON peakIlMu rouyOoH KomMeKC 
MOKHO BO3OrHaTb. AHasH3 NOMyuYaIOWIMXCA KPHCTa/IOB, BUMMbIM CieKTp 
MH CMe€KTp 3e€KTPpOHHOrO MapaMarHUTHOrO pPesoHaHca MOKAa3bIBaIOT, ITO Mpo- 
WyKT WMeeT CTpyktTypy, avanoruynyto IV, uv coctas (CHs),AICI-(C5H5)2TiCl. 
Baio HafijeHo, uro u fpyrve a-onepuHb! — nponuied, OyTHIeH-] ,amuuen-] 
pearupyloT CXO{HBIM OOpasom. B oTM4yne OT 9THNeHA, KOTOPOroO MorsoulaeTcs 
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3HAaUHTeJIbHO OOJIbIMe, YEM OAH MOJIb Ha OHH MOJIb B3ATOTO THTaHa, B CJLy4ae 
OCTAaJIbHbIX IIPHBeJCHHBIX a-oePuHCB NOriouleHve MNpPOHCXOAHT TIPHMepHo B 
3KBUMOJeCKYJAPHOM COOTHOLIeCHHH. Tlocae Pa3JIOKeHHA MPOLYKTOB peaKIlhy,. 


monn / | 


mpopexeHHoH B MpHCyTCTBHH NMponusena, 
BOOM ObIIO BbIeeHO 3aMeTHOe KOJMYECTBO 
OyTaHa, a NpH pa3sioxwKeHHM BOLOM Mposyk- 
TOB peaKUHH, NpOBeeHHOM B NpHCyTCTBHK 
9TuIeHa, MoOyyaeTcH NponaH u OyTaH. 
TakvM oOpa30M, HB 3TOM CAyuae peakiusa 
mpoTekaeT B CoriacHu C PopMaJIbHOH Cxemolt 
JMCIPpONOPUHOHUPOBaHHA aJIKWJIBHBIX Ppynn; 
HO CHay¥asla MpOWCXOANT BHespeHHe osedu- 
Ha mo cBi3H Me —C c o6pa30BaHHem Crio- 
co6Horo K JUMCNpOnOpuHOHHpOBaHHO aKH- 
Jia, a oOpa3yrolliveca B Npomecce ucipo- 
4 0 6) 80 MOnu opyMOHMpOBaHHA HOBbIe OJIe:)HHbI BHOBB. 
Puce. 1. Kuyetuka peakuwun BHEApAIOTCA NO CBASH Me = S: 
Al(C2Hs)2Cl ¢ (CsHs)2TiClz B Gexsos1e B wuksoreKkcaHe peakIlHaA morsollenHa 
npH 28°. M3ameneHve KOHUeHTpaluu C 3THJICEHA C OMHOBPCMeCHHbIM BOCCTAHOBJICHHEM 
Kommuekca III (/), lg C)/C (2) u Cc’? KpaCHOoro KOMIVJIeKCa MpoTekaeT B HeCKOJIb- 
(3) co Bpemenem (C onpenenanoch M0 xq pag MeqsieHHee, YeM B TOJYOUe. 
onTHUeCKOl MOTHOCTH Ip A=455 My) II. Peaxkuua (C;H,)sTiCle a 
Al(C2Hs)2Cl*. BoccTaHoBseHve B 3TOM Ca~y- 
yae WeT C H3MepHMOH cKOpocTbio. M3yueHve KMHeETHKH peakKUMH yoouoe 
TIPOBOAMTb MO H3Me€HeCHHIO BHAHMbIX CHeKTpOB, HaGOMaBluMxcA B padoTax 
Bpecsioy u corp. (1, *). B stux paOoTax ObliIo NoKa3aHoO, YTO peakILMA MpoTe- | 
KaeT TO CXeMe: 


2 (CsHs)aTiCls + [(C2Hs)2AlCl]z = 2 (CsHs)2TiCle -(C2Hs)2AICl (II), 
II = (CsHs)2CoHsTiCl -CeHsAlCle (III), 
III — (CsHs)2TiCl-CoHsAICle (IV). 


MeqienHou CTayHeli peak ABaeTCA Mepexog Komnsmekca II] B komnsekc IV, 
COMPOBOKLalOUIMiCA H3MeCHCHHEM OKpaCKH OT KpacHOH oO cHHeH. 

Kak pygHo us pue. |, peakunacnenyeT nopsgky 1/2, KOTOpbIH BLINOMHAeTCA 
no 70—80% npespamenus. Jlanee nopaqoK W3MeHAeTCA, MepexolA B NepBbiit. 

Bpecaoy u Jlour (°) HaGsmojaiu JMb nepBbI MOpAAOK peakuuH. Bosmoxkue, 
4TO 9TO CBA3aHO C Oosee HHSKHMM KOHWeHTpalMAmMU Mcxo_HOrO (CsHs)e2TiCle; 
C KOTOPbIMM paOoTaIM STH aBTopHl. KoncTaHTa 
CKOpocTu ky, Ca60 3aBMCHT OT KOHIeHTpalluy moneten “cen! 
Al(C2Hs)2Cl (pwc. 2). TIpu ysenuuennu 
[Al(C2Hs)2Cl] B 30 pas ky, Mensetca Bcero B 
2 pasa. 

IIpH Ooee HH3KMX  KOHUeEHTpalHAx 
(CsHs)2TiCle, korga nopsqoK peaxyuu no III 


IpHOMxKaeTCA K MepBOMy, CKOPOCTb peaKIHH B fe ' Ae ee 
OUeCHb WHPOKHX pesemax BoobuLle He 3ABHCHT OT (Colts) 
KOHWeHTparun Al(C2Hs)eCl. Puc. 2 


KoucTaHTst CKOpOCTH, H3MepeHHble BUHTepBave 
25—47°, paBubl: ky, (B 6eH30me)=5,25- 10°-exp(—15700/RT) mom’. n—/2-cex7}; 
Rs, (B MeTHUNKFOreKcane) = 1,58-10"-exp (— 22200/RT) momp'?- n—2-cex-}. 


MexaHu3M peakmun 


IIprBezennpie SKCIHeEPpHMeHTaJIbHble MaHHbIC OMpOBepraloT TipeACTaBJIEHHA oO» 
CBOOOHOP aUKaJIbBHOM Me€xXaHH3Me BOCCTAHOBJICHHA TaJIOTeHHAOB THTaHa aJIKU> 


* VisyaeHve KuHeTHKH 93TOLI peakIHH OBO HauaTO copMmecTHoO c E. W. Randall uL. E. Sutton’ 
B Oxcopze. 
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HaMM asOMHHUA, JlelCTBUTebHO, CCIM Obl 3TAH HM 3THIeH ObINM MposykKTaMu 
LMCIPONOPWUHOHMPOBaHHA CBOOOAHEIX pPaMKaJIOB, TO OJHOBPeMCHHO JOJDKHO 
OLIIO Obl HaGMIOLATECA OOpasoBanue GyTaHa, Kak NpoLyKTa HX pekoMOunauun. 
Kpome Toro, STHJIbHbIe pauKaJbl JOJKHbI ObiIM Obl OTpbIBaTh H or pacTBopH- 
rela, BO BCHKOM CJly¥ae Takoro, Kak TOJyO., OAHAaKO, KOJM4eCTBO 9TAaHa TOUHO 
SOOTBETCTBYeT Mpoleccy AUCNponopuMoHHpowanus. Bcucteme TiCla — Al(uso- 
S4H,)3 ObiIo MOKa3aHO, TO BLIXOL u30OyTaHa He yMeHbUaeTCA pM Lobas- 
KAX AKIENTOPOB CBOOOAHBIX pauKaJOB, HalpHMep aHTpallena. PayukaJibHOMy 
MeXAHH3My NPOTHBOpewaT TakxKe aHHble mo peakunH Al(CHs)3 c (CsHs)eTiCle, 
KOTOpaA eT MeJVJICEHHO B OTCYTCTBHE ONePHHOB, YTO TPyAHO OODACHUT C 
fOUKH 3peHHA pafMKaJIbHO CXeMbI. 

C [pyro CTOpoHE!, pA, JaHHbIX yKa3bIBaeT Ha BOSMOXKHOCTb MOHHOFO MeXa- 
iu3Ma. Kak Mbl BHJleIH, BoccTaHoBeHHe (CsHs)2TiCle qu9THMAIOMHHUAXJIO- 
DHLOM TipoTeKaeT B OeHsOVIe C MeHbUUel SHEPrHeii AKTHBAILMH, eM B METHJIILUK- 
morexcane. Peaxnusa (CsHs)2TiCle c Al(CHs)3 B npucyTcTBHA ONecHHOB B TO- 
TyONe HeT 3HAYHTebHO ObicTpee, YeEM B WHKMIOreKCaHe. STO MOXKET ObITh CBA- 
3aHO C YMeHDbINeHHeM CHOCOOHOCTH K HOHOOOpasoBaHuto Ip Mepexoze oT Gex- 
3014 M TOMyOa K MeTHIUMKOreKkcaHy HW rekcany. KuneTHueckui nmopsgox 1/5 
3 cyuae peakunMHn (CsHs)eTiCle c (C2Hs)2AIC] eqpa WH MoxKHO OOBACHHTD Ka- 
KMM-JIHOO JipyrHM Cnoco6oM KpOMe KaK paBHOBeCHOM AMCCOMMalMeli Ha HOHBI 
komniekca I], uTo nos_TBepxaeTCH 3HAYHTeENbHbIM BO3PaCTaHHeM 3JeKTPO- 
IPOBOAHOCTH MpH ero OOpa3oBaHun (°). Mbt cuuTaemM, YTO MPMBeEMeHHbIe AaHHbie 
10 KHHETHKe 3TOH peaKIHH MOMKHO OObACHHTH Ce yIOULMM MeXaHH3MOM: 

0) [Al (CoHs)2 Cl], <> Al (CoHs)2* -+ Al (CoHs)sClo- 

1) 2 (Cs5Hs)2 TiCl. + [Al (CeH:)o Cl]le <2 2 (CsHs)2TiClo- A(CgH;)sCl (IT) 

2) 11 == (CsHs)2 Ti (C2Hs) Cl-Al (CoH) Cle (III)* 

3) (G.H,)a. Ti -CoH;* + Al (C)H,) Cle- 

A) (Cpe) TiceH;* 4- Al (C2Hs)2Cl-.— (C2H5)3 Ti (CoHs)a + Al(CjHs)sCle 

4) (CsH)3 Ti (CoHs)o + Al (CoH)at > (CsHs)o Ti CoHs + Al (CoHs)s 

Bremer (C2H.). — (C,fis)s Ti + GHe + GH, 

6) (CoHs)eTi + Il + (C5Hs)2 TiCl + (C;H5)2 Ti Clg Al (C:Hs)2 


[pH cpaBHUuTesbHO GoubuIMX KOHUeHTpanuax (CsHs)2 TiCle ckopocrh peaK- 
wu (v) onpexensnerca craquelt (5) u, TakuM OOpa3oM, pu yCJIOBMM CTallMonap- 
HOH KOHNWeHTpauMH (CsHs)2 Ti (CsHs)2 


ka’ [Al (CoHs)3°] + &s 


v = ke ((CoHs)2 Ti (CaHs)2] = fe 


TIpu Oompmux Konuentpauuax Al(CeHs)eCl, Korga fs MOoOxKHO peHeOpeub 

io cpapuenvio c ke [Al(CeHs)*], mu yaursipaa, uro [Al (CsHs)4] = 

~ [Al (CeHs)2 Cl, J, nonysaem v = ks . {(CsHs)2 Ti*C2Hs]. Tloncrapisaa 3ua- 
4’ 

leHue KoHUeHTpanuu (CsHs)2TiC2H;, onpeyensemoe u3 paBHosecus 3) (c yue- 


ne 1 
om Toro, 4ro [(CsHs)2 TiC2Hs] ~ [Al (C2Hs) Cl; ]), momyaaem: v = k; a as 
4’ 


x {III]”, aro o6bacuaer HaOmronaemplii Ha oMbire NopAoK peaKkUMM uM He- 
ABHCMMOCTb OT KoHUeHTpanun Al(C2Hs)2Cl. 

Tlpu neGobumux Konuentpauuax Al (C2Hs)2 Cl, korga ks Ss ka [Al(C2Hs),Cl], 
)= ha [(CsHs)eTiCeHt J[Al(CoHs)2 Cly] = faK i? [111][Al(CoHs)2 Cll'4. Ta- 
HM OOpa3oM, B COrlacHH Cc SKCIepHMeHTOM HopsAoK peakuwu ro Al(CaHs)2Cl 
oumkeH MeHATECA oT 4/2 go 0. 

Ip Manbix KoHWeHTpalHax (CsHs)2TiCl,, mo-BHAuMOMy, paBHOBecHe yxKe 
ie yclleBaeT yCTaHOBHTbCA uM peaKuMA (3) cTaHoBuTCA onpesetsiome. Ilonsat- 
0, YTO B 9TOM Culy4ae JoxKeH ObIT 1-H mopsfoK no III u ckopocTb peakunu 


| * Kuneraka peaxunu 2) apainetca caoxHo (8), 1 OHa He NpesctaBaser co6oli npo- 
ro BHYTPHMO/eKYAAPHOH TMeperpyiMHpoBKH. 
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He JOJDKHa 3aBHCeTb OT KOHWeHTpauMH Al(C2Hs)eCl, ecm on mpHcyTCTByeT} 
B H36bITKe. OHaKO IIpH yMeHbUIeHHH OTHOWeHHA Al/Ti go 1: 1, Korfa B pac- 
TBOPe NOYTH OTCYTCTBYIOT alKHAMpyloulue MOHbI Al(C2Hs)2Cl\, peakuua ounK-} 


Ha CHJIbHO 3aMeIMTECH. ITO AeHCTBUTeIbHO HaOMO_aeTCA, MpHYeM B pa6oTe} 
Bpecaoy u Jlonra (*) MoKa3aHo, ¥TO peaKIlHA NpHHHMaeT HyJleBOM NOpANOK. | 
Bo3MoxKHO, 4TO B 3TOM Cuy¥ae OMpesemloUleH CKOpPOCTb CTaqveH ABIAeTCAP 
peakHa (0) M, TaKHM OO6pa3oM, OOLLaA CKOPOCTb He 3aBHCHT OT KOHIEHTpalMHy 
KOMIJIeKCa {II. Bo pesKo culyuae KHHeETHYeCKHH HyJIeBOM NOpAROK WH peskoe} 
3amelieHve peakuvu mpH Al/Ti = | omposepraeT npeqnouoxenve Bpecsoy uf 
JIonra 0 ToM, "TO. HMeeT MecTo pacnan III—C,H;-+ (C;H,).TiCl,Al(C,H;)CL, | 


TaK KaK B 3TOM CJly¥ae CKOPOCTh peakIHH Boosie He MOrJa Obl 3aBHCeTb or} 
KOHIeHTpalnu u36biTouHoro Al(C2Hs)2Cl. | 

JLucnponoplvoHupoBaHne aJIKHJIbHBIX TPyl MpOUCXOAMT, MO HallieMy MHe-} 
HHIO, BHYTpHMOJeKyJApHO B (CsHs)2Ti(C2Hs)2. Ipexnosomwenne o serkocTu} 
mpowecca Takoro pola OOBACHAeT TOT PaKT, YTO Jo CHX NOP AMSTHJIbHbIe Mpo- Ff 
W3BOJHbIle THTaHa He ObIM MOJIyYeHbI, TOrfa Kak CHHTeC3HpOBaHbI Ande-# 
HWJIbHbI€c H AMMeTHJIbHbIe MpOW3SBOLHbIe, JIA KOTOPbIX peakWHA 5 HEBO3MOX- fF 
Ha H3-3a OTCyTCTBHA BP-BOAOposHOrO aTOMa. 

B pactpope Al(C2Hs)3 von Al(C2Hs); o6manaeT 3HauHTebHO Oosee CHIbHBIM # 


AJIKHJMpYyIOUlHM JeicTBHem, yem HoH Al(C2Hs)2Cl> B pactBope Al(C2Hs)2Cl, i 


STO OJKHO MIpHBecTH K yCKOpeHuio peakunu Tuna 4 B cnyuae Al(C2Hs)s no} 
cpapHenuto c Al(C2Hs)2Cl, BospacTaHuto KOHWeHTpauwMN (CsHs5)2Ti(C2Hs)2 x, 
TAKUM O6pa30M, CKOpOCTH peaKIHH BOCCTaHOBJICHHA. 

Peakuua c ojlepuHaMH NOKa3bIBaeT, YTO OMA H3 YACTHI, YYACTBYIOWUX B f 
M€X@HH3Me peakIMH, OJDKHa HMeTb cnoco6HocTs lp HCOCLMHSTB oneduHn HM me- | 


perpynnuposatsca, oOpasya Oovlee JJIMHHbIN euehatl pagukan. Taxol ya- | 


CTHWeH, 10 HallieMy MHEHHIO, ABJIAeTCA (CiHs)aTicsHs. Sapan 3TOH YaCTHIBI }) 
oOseruaet o6pa30BaHHe 1-KOMIWIeKCa C Oe*HHOM, KOTOpbI Jaslee neperpynnn- 
popbipaetca B (C;H;).Ti*CyHy. IIpH oTcyTcTBMHH CHIbHOrO AaJIKHJIMpytOulero | 
areHTa (Kak B CJlyyae JH9THaJIOMHHHAXJOpHsa) TaKaA peaKUMA MpHBOAHT K Pp 
MolMMepu3aHu. I1pv MaJioM KOsIMYueCTBeE STHeHa MB MpPHCyTCTBHH CHJIbHBIX | 
aJIKWJIMpYyIOWNX areHTOB 3Ta w Mocwlemyroulve peakuuHn 4 uw 4’ npHBOAAT K OO- 
PaSOBaHHIO aJIKHJIOB aJIOMHHHA, COfepxKalllux OyTHIbHbIe rpynMbl, Kak B CIy- } 
wae Al(C2Hs)s u (C;Hs)2TiCle, a TakxKe nponMsabHble M OyTHAbHbIe TpynOHl, | 
Kak B peakWHH (C5Hs)eTiCl2 c Al(CHs)3 B npHcyTcTBAM 9THeHa UM Wponusena. | 
IIpeqnorxKeHHbIH MeXaHH3M MOXKHO pacipocTpaHuTb Ha BOCCTaHOBJIeHHe Apy- 
PUXTaOreHHLOB THTaHa, a TaK»Ke B OCHOBHBIX YepTAaX Ha ralorenufbl Apyrux 
TI€peXOJHbIX IeMeHTOB. OrmeruM, UTO AIA peakuMH R Mg X c CoCl, u HgRz | 
ce VCl,, rae Takxe Obl0 MOKa3aHO OTCyTCTBHe CBOOOLHBIX paguKasios (°,8) 
mpeanojaranocb OGpasopaHHe MeR, Kak MpoMexkyTOUHOM yacTHupl (7,°). 
MoxKHo noslaraTb, YTO KaTawMTH¥YeCKaH AKTHBHOCTb B peaKIHAXx mNowH- 


+ 
MepH3alluH CBA3aHa C OOpa30BaHveM HMOHOB: --MeR (Me — nepexoyHbli 9ule- 
MeHT, R — aku), HaxXOMAllMXCA B pacTBOpe B Cuyyae TOMOreHHDIX H Ha | 
TIOBEPXHOCTH — B CJlyyae TeTepOreHHbIX KaTaJH3aTOPOB. 


VuctutyT xumuyeckoi bu3uKH TocrymHio 
Axkajlemuu Hayk CCCP 20 VII 1960 
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Wornagn Akagemun nayr CCCP 
1961. Tom 136, Ne 3 


XHMHA 


¥O. A. SOJIOTOB u usen-Koppecnonzent AH CCCP H. NM. AJIMMAPHH 


' O HEKOTOPbIX BOMPOCAX TEOPHH JKCTPAKILHNU 
BHYTPHKOMILJIEKCHbIX COERAMHEHMA 


Paccmotpenue Ooubuioro YHCIa MHTepaTypHbIX H MOJYYeHHBIX B Halleli wa- 
PAaTOPHH IKCMEPUMeHTAJIbHbIX MaHHbIX MOSBO/IAeCT BbICKa3aTb PA COOOpaxke- 
(iM O CBA3M SKCTPaKUHH BHYTPHKOMIVICKCHbIX COeMHEHH (B. K. C.) C KOOp- 
[HAIMOHHBIM YHCJIOM WeHTpaJIbHOrO aTOMa; 93TH CoOoOpaxKeHHA KacaloTcs, 
HACTHOCTH, BJIMAHHA NpHpoxbl pacTBoputTesA. B HacTosllel cTaTbe yKasaHHble 
OOpaxkeHWA H3/O%KeHbI KPaTKO H MO HEOOXOMHMOCTH CXeMaTHYeCKH; NOApoo- 
€ OHH OCBelllaioTcA B ApyroM MectTe *. OKcTpaKUHsA B. K. C. pacCMaTpHBaeTCA 
TOUKH 3PCHHA KOOPAHHAWMOHHOH HAaCHIIILeCHHOCTH JIM HeHACbIILeHHOCTH IeH- 
AJIbHOTO aTOMA. 

OOpasoBaHve B. K. C. NpeqyCMaTpHBaeT BO3HHKHOBeHHe MexKIY HOHOM Me- 
Ja MW KaKIOH MOJIeKyJOH OpraHHuecKoro peareHTa OHO MOHHOM HW OLHOM 
OPAHHAWMOHHOH cBaA3H. Ecm KoOpa—MHalWOHHOe 4NCyIO (K. 4.) HOHa MeTaJ- 
| He TIpeBbMaeT CFO YIBOCHHYIO BaJICHTHOCT, TocJie OOpa30BaHHAl B. K. C. y Me- 
JIA He OCTAHETCA CBOOOAHBIX KOOPJIMHAIMOHHbIX MECT, eCJIH Ke K. ¥. Ooupie 
[BOCHHOH BaJICHTHOCTH, 4aCTb KOOPAMHAMHOHHBIX MeCT WeHTPasIbHOrO aTOMa 
axKeTCA CBOOORHOH. B cBA3H C STHM BCE B. K. C. MOFryT ObITh pa3OuTHI Ha Be 
ynnbt: 1) B. K. C. C KOOPMWHAILHOHHO HeHACHIICHHbBIM LeHTPaJIbHbIM aTOMOM 
YIM Ha3bIBaTb HX KOOPAMHAIMOHHO HEH ACHIILeHHbIMH) H 2) B. K. C. C KOOPJH- 
MOHHO HACbILICHHbIM ICHTPaJIbHbIM ATOMOM (KOOPJ,MHALHOHHO HacbillleHHble). 

KoophWYHANMHOHHO HeHACHIINeHHbe B. K. Cc. Ec Koopauna- 
[(OHHO H€HACHIILeCHHOe B. K. C.. O6pa30BaHO B BOJHOM pacTBope, CBOOOZHBIe 
OPIMHAWHOHHbIe MeCTA METAaJIJIA OKa3bIBaIOTCA SAHATHIMU, B OOLeM CJlyyae, 
WIeKyNaMM BOWE. Tak, Hampumep, Mg oOpa3yer c 8-oOKCHXHHOJIMHOM KOM- 
IeKC, B KOTOPOM J[Be MOJIEKyJIbI BOXLI NOMOJHAIOT K. ¥. MarHHA Wo ulectTH. Kak 
1 HM Obla BeMKa HM TumpospoOua OpraHwuecKkad WaCTb KOMIIeKCa, COeMMHeHHA 
ICCMaTPHBaeMOro THMa OGbIdHO He 3KCTparupyrwrca. CemaTb UX CNOCOOHLIMH 
SKCTPaKUMH MOXKHO, BUAAMO, AByMA nyTamH. IlepBpld myTb — 3TO BbITeCHe- 
fe MOJIEKYI Boab. Kak HaM IpelcTaBJideTCA, BOa MOXKET BbITECHATbCA MOWIe- 
JaMH OpraHWuecKOrO pacTBOPHTeA; MOJIeKyJIaMH CaMoro OpraHHyecKoro 
‘areHTa, B3ATOFO B H3ObITKe; MOIeEKYJIAaMH Apyroro IIpHCyTCTBYylolllero B CHCTeMe 
MlecTBa, CMOcOOHOrO K KOOPAHHAaWHH; MyTeM B3aMMHOFO YyOBMeTBOPeHHA KO- 
W\HHAIMOHHOM HeHACHIIIeCHHOCTH JBYMA MOJI€KYJIaMH KOMIMJIeKca (2MMepH3a- 
il); IYT€M YJOBJIETBOPeHHA KOOPAMHAWHOHHOM HeHACHIIeHHOCTH 3a C¥eT 
fC}OILMXCA B MOJI@KyJIe KOMMIeKCa ATOMOB-OHOPOB (IIOMMMO y>Ke CBA3AHHBIX 
MeTaJIJIOM Ip OOpasopanuu B. K. Cc.). Bropoli myth — 3To «OOKMpOBaHHe» 
WIEKYI BOTbI MOJeKyaMM OpraHHyeckoro paCcTBOpHTeA, peareHTa H T. I. 3a 
eT OOpasoBaHuA BOLOpomHEIx cBsa3eli. Mpl paccmaTpHBaeM B WaHHOK padoTe 
{llIb TIepBbIM NyTb. CremyeT cpa3y Ke MOWWePKHYTb, YTO NepeuwCJIeCHHbIe BbILLC 
TlOpoOHee paccMOTpeHHble HW2Ke BO3MOXKHbI€ MCXAHH3MbI BbITeCHCHHA BOJIbI 
WVT HakJlabIBaTbhCA Jpyr Ha jpyra. 

Ilyctb B BOXHOM pacTBOpe MpHcyTcTByeT KOOPAMHAaWHOHHO HeHaCcbIlIleHHoe 
iC: HanpHMep OKCHXHHOWMHAT Kamba Ca (CoSH6NO)2-2H,O. Ecum B cu- 


- * 10. A. 30n0r0s, HW. I]. Anumapuu, C6opxn. pa6or no akcrpakuun, M., 1961 (B neat). 
| 603 


creme MMeeTCH, KpOMe TOrO, OpraHH¥ecKHH KHCMOpoAcosepKallHA pacTBOpH] 
TeJib, TO CO3MalOTCA YCJIOBHA JIA KOHKYPCHIMH M@XKLy MOJIeKyJlaMH 3TOTO pac 
TBOPHTeIA H MOJIEKYJIAMH BOAbl 3a MeCTO B PH{paTHO-COMbBaTHOM CJlOe BOKPylf 
Kalbitua. KoHKypeHIHA UeT TeM yCrielHee AIA OpraHHyeckOro pacTBOpHTeiA | 
yeM BbIMe erO JOHOPHad CmocoOHOcTb (HIM 4YeM OoJlee NOJApeH pacTBOpHTeb) } 
HeoOxoJHMbIM YCJIOBHEM BbITeCHEHHA BONbI ABJIAeCTCA OCTaTOUHO yoOHas 
CTpyKTYpa MOJI€KYJIbl paCTBOPHTeJA, MOCKOJbKY B MpOTHBHOM Cyly4ae CTepH 
yeCKHe IIpelATCTBHA CealOT KOOPAMHHPOBaHHe PaCTBOPHTe/IA HEBO3MOXKHBIM 

Ec. pacTBOpuTedb B CHJIy CBOeH BbICOKOM JOHOPHOH CMOCOOHOCTH (BbICOKO!H 
IIOJIAPHOCTH) H yOOHOM CTPyKTYypbl 34MeCHHT MOJICKYJIbI BOLbI, OOpasoBaBiieecs} 
coeuHeHHe, CHaO»KeHHOe Temepb elle Oonee yBeMYMBIelCA OpraHHyeckoy 
YaCTbIO HM JIMMICHHOe FHAPOPHJIbHOCTH, MOKET MOJIYYHTb BOSMOXKHOCTH PaCTBO} 
PATCH B H30bITKe pacTBopuTeA. Ecum 2ke paCTBOPHTedb, HCNOMb3YeMBIA Js 
pacTBopenua (9KCTpakUMH) B. kK. c., HanpHMep C,H, uu CCly, Henomapen mu er 
CNOCOOHOCTh KOHKYPHPOBaTb C MOJIEKYJIAMH BOAbI OUCHb Mala, CYWeCTBYeT OYeHH 
HeOO/IbIUaA BEPOATHOCTL TOPO, YTO MOJICKYJIbI PaCTBOPHTeJIA CMOryT OCBOOOLMTE 
KOOPAHHALMOHHbIM CIO KaJIbBIMA OT MOJI€KYJI BOJbI, H THpaTHpOBanHaa Mose: 
KyJla B. K. C. MOXKeET OKa3aTbCA He B COCTOAHHH MepeHTH B OpranHueckyi (asy * 
B cBa3H C STHM MOXKHO OXKULATH, TO KOSPPHUHEHTH PacnpeeeHHA MPH HCHO: 
30BaHHH MaJIONOJIAPHBIX pacTBOpHTeeH OyyT HHKe, 4eM DIA OoNee NOMAps 
HbIX KHCJIOPOACONep%RalluX PaCTBOPHTeIeH C YeTKO BbIPAKeHHOM NJOHOPHO! 
cnocoGHocThio. MoxHO MpHBeCTH MHOFOUHCJIeHHbIe IPHMepsl, MOKa3sbIBatollHe; 
uTO B. K. C. KOOP/[MHalMOHHO HeHACHILICHHbIX HOHOB S9KCTParupyloTcaA KUCOpPOL| 
cojlepKallHMH TIOJIAPHbIMH PaCTBOPHTeJAMH B OOMIEM CJlydae syue, 4eM Gec 
KHCJIOPOAHbIMH MaJIONOJIAPHbIMH 9KCTPareHTaMH. 

B paye cayyaeB KOOPAHHaWMOHHad HeHACHIIeEHHOCTh WeHTpaJIbHOrO aTOMé 
MOXKeT ObITh YROBMeTBOPeHa MPHCOeHHEHHEM JONOJHUTEMbHBIX HEHMTPaJIbHbIy 


MOJIeKyJI pearedTa Cc OOpa30BaHHeM, HallpWMep, coeqHHeHHA Me!R,-2HR. 
IIpH STOM H30bITOUHBIE MOJICKYJIbl peareHTa BbICTyNalOT B TOM xe POH, 4Td 
MH OpraHwHyecKHi pacTBopuTesb. B 3TOM Cuyyae S9KCTPakWHA MOMKET HMETb MECTG 
HM IIPM HCMO/b3OBAHHH MaJIONOJAPHOTO HeEKOOPAHHMPyiollero pacTBOpUTe/A 
Kakue HMe€HHO MOJIeKyJIbl — PpaCTBOPHTesA (CCH HCHOMb30BaH KOOPAMHUPyt0} 
UHHCH paCTBOPHTeIb) WIM peareHTa — 3aMMYT MeECTO B KOOPAMHALHOHHOH cie 
pe, 3aBHCHT, KaK MOXKHO OXKHaTb, OT COOTHOIMEHHA HX JOHOPHOM CimOCcOOHOCTH 
UX CTPYKTypbl H KOHWeHTpaunn. B page cayyaeB OOpasyloTCA aHHOHHbIe KOM: 


muieKcbl THMa, Hapumep, Me!!R3, Koropbie nOMyYaT BO3MOXKHOCTS JKCTParHupo: 
BaTbCA B TOM CJly¥ae, eCJIM HX 3apaq OyeT KOMMeEHCHpOBaH 3apsayOM 3KCTpa 
rHpylolwerocA KaTHOHA. . 

OKCTPaKWHH KOOPAHHALMOHHO HeHACHILIEHHBIX B. K. C. MOryYT CNOCO6CTBOBATE 
AOOaBKH MOCTOPOHHHX BeLeCTB, CNOCOOHBIX K KOOPAHHalHH. Takumu Belle 
CTBAMH MOPyT ObITb, HallpHMep, HEKOTOPble KOOPAHHUPYIOMHecA pacTBOpUTeIM 
mpHOaBJiteMble B HeOOJbUIOM KOJIM4eCTBe K HHEPTHOMY paCTBOpPUTeIIO Ls 
YAY4UeHAA SKCTPaKWHH. QTO MOFyT ObITb H HEKOTOPbIe Apyrue NOJApHbIe Be 
WeCTBa, HallpHMep asMdaTHyeckHe aMMHbI (1). Baqumo, nepBbIM Ha STY ei 
HOCTb YJIYYUIMTb SKCTPpaKUMOHHOe H3BseyeHHe yKa3a JI3HOMKO, MIPHMHCbIBaB 
IMMH, OJHAKO, STHM BeeCTBaM pyro MexaHv3M JelicTBusa (*). CuctemaTuuye: 
CkHe paOoTbl B STOM HalipaBJieHHH MpHBoO_UT Ymsany c comp. (!, 28). TeicrBue 
aTUX BOOaBOK MOXeT ObITh WBOAKHM. C OfHOM CTOPOHBI, STO KOOPAMHAUA, C 
KOTOPOH TOBOPWJIOCb BbIlle, C APyroH CTOPOHBI, B HEKOTOPbIX c1yyaAx MOuIe 
KYJIbl BelLeCTB-0OaBOK CHOCOOHbI aBaTb KaTHOHBI, KOTOpble ‘oOpa3yi0 
SKCTparupyeMble COJIM C AHHOHHbIMH KOMIMVIeKcaMH MeTasiios. Hanpumep, 
IpHCyTCTBHH H-OyTHJaMHHa H H3ObITKa OKCHXMHOJIMHA KasbUMA SKCTparUupy- 
eTca B Bue CyHyNH;Ca (C,H,NO); (*). B To xe Bpema Zn u Cd o6pasyroT mpocte 
MpOAYKTbI IIpHcoeqHHeHHA H-OyYTHIaMHHa K KOMMeKcy Tuna Zn (CyHsNO)s- 
‘CyHyNH2 (koopgunanna) (5). 


* [Ipeanouaraercs, uTo MOJIeKyJIa PeareHTa He COePKUT H3OMMPOBAHHIX FHApPodHbUBIX 
TPYNNHPOBOK, MpenATCTBYIOWIMX PaCTBOPeHH!O ero B OPraHHuecKUX PaCTBOPHTeEAX. — 
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He uckmoueubl, Jasiee, Cay4yan, Kora HeNnO/ApHbIi pacTBOpHTeb He B CO- 
-TOAHHM 3aMeCTHTb MOJICKYJIbI BOAbI y IeHTPaJIbHOrO aTOMa, Apyrue NOAApHIe, 
SHOCOOHbI€ K KOOPAHHALLMH, BeleCTBa OTCYTCTBYIOT B CHCTeMe, a HCMOJIb3yeMbIii 
€AKTHB HE MOXKET ObITh KOOPAMHUPOBaH HOO MO MpOcTpaHCTBeHHbIM CooOpa- 
KeHHAM, JIMOO MOTOMY, YTO KOHWeHTpallMA ero HemocTaTOUHO BemuKa. Equu- 
STBEHHOH BO3MOXKHOCTbIO YOBJICTBOPHTb KOOPJMHAMMOHHYIO HeHaCbILeHHOCTb 
AeTaJI1a OCTAeTCA B S9TOM CJIy4ae OOpas0BaHHe CBA3eH MexKJLy COCeMHHMH Mouie- 
cyJlaMH KOMIWJIeKCa, T. €. THMepH3alluA MOJICKYJIbI B OpPraHuyeckoli dbase. B pon 
BEITCCHUTeIeH» MOJIEKYJI BOJbI BbICTYMalOT TaKHM OOpas0M CaMH MOVJICKYJIbI 
s 6K. C. CBa3b OCYIeCTBAAeTCA MPH 9TOM M@KY WeHTPaJIbHbIMH aTOMaMH HU 
(AKHMH-JIMOO. ATOMAMH-JOHOpaMH, BXOJAUIMMH B cocTaB cocesHeli MOvIeKYyJIbI 
commlekca. B cBxa3H C STHM BO3MO?KHOCTh JMMepH3alluu Oyler B 3HAUMTeIbHOH 
TeMCHH ONpeeATbCA CTpyKTYpoH Opraluyeckoro peareHTa. 

Hakonell, YacTO HMeeT MECTO ABJIEHHe, 3aKIOUaIOUeecA B TOM, 4TO CBOGOL- 
[ble KOOPMHalMOHHbIe MECTa WeHTPaJIbHOrO aTOMA B. K. C. 3€HHMaIOTCA aTOMAa- 
[M-OHOpaMH, HaXOJAULMMHCA B CaMOl MOJIeKysle KOMIMIeKCa (MOMMJeHTATHBIe 
eareHTbl)., B 9TOM cJly¥ae B. K. C. KOOPJMHAIMOHHO HeHACHIICHHBIX HOHOB 
[Or YT 9KCTParMpOBaTbCA MW HEKOOPJMHUPYIOULMMHCA MaJIONOJIAPHbIMK PacTBOpH- 
eIaMH, Haupumep CCl,, C,H, u Ap., B OTCyTCTBHe M3ObITKa peareHta H MOCTO- 
JOHHHX KOOPAMHMpylOulMxcH BellecTB-7oOaBok. Tak, HTH30HAaTHI pxya 
(OOPAMHALMOHHO HeHAaCbIILeHHBIX HOHOB u3sBsleKaloTca CCly. Ymnany (°) cHHTe3u- 
\OBaJI TPHeHTaTHOe MpoH3sBoAHOCe 8-OKCHXHHOJHHA, 4TOObI H36e%KATH BOOaB- 
[eHHA AMHHOB, CMOCOOCTBYIOULMX JIKCTPaKWMH OKCHXHHOJIMHATOB pala ByXx- 
JAJICHTHBIX MeTaJJIOB. Hcnoub30BaHve MOJIMNeHTATHBIX pPeareHTOB, HMEIOULAX 
TPYKTypy, MOMycKalollyio OOpasoBaHve HeCKOJIbKHX WHMKJOB, ABJAeTCA, M0 
(allCMY MHE€HHIO, BeCbMa MepClieKTHBHbIM, TeM Oovlee, YTO HaJIM4He B KOM- 
(I@KCe HECKOJIBKHX WHKJIOB HOBbIMIaeT erO MpPOUHOCTh. 

KoopAvHanwoHHO HacHiteHHHbe B. kK. c. IIpumepamn 
aKUX COCIMHEHHHM MOryT CayxuTb 8-oKcHxXHHOMMHAaT Al, mHpoKaTexuHaT Ga, 
ommmeKkc U!Y c auetusmaneToHom, Pu!Y—c texouatpudtopaueronom. Mount me- 
aIJIOB B 3THX COCMMHECHHAX He HMEIOT CBOOOJHbIX KOOPAHHAILMOHHBEIX MECT H XO- 
ONO IKPAHMPOBAaHb! OPraHwvecKHMH Han jamu. JIA OTHOCALIMXCA kK STOH Ppyn- 
e B. K. C. XapakTepHO Cila60e BJIHAHHe MpHpObI pacTBOpPHTeJIA Ha IKCTPaK- 
Mio. OwHaKO HeKOTOPOe BJIMAHHe HMeeTCH HW B STOM CiIy4ae. VKaxKeM Ha [Ba 
SCTOATEJIBCTBA, HMMeIOUlHe MIpH 3TOM 3HayeHHe. 

OnpeyesaIouluM KpHTepveM JIA BEIOOpa paCTBOPHTeA B J’aHHOM Culy4dae 
BJIACTCH, HO-BHJMMOMY, CTapoe 3aK/I0UeHHe: «MOZOOHOe pacTBOpAeTCA B IO- 
\6HoM». Ilockombky MowekyJIbI-JIMr abl 9KCTparMpyeMbIX B. K. C. He Cosepxa«, 
aK IIpaBHJIO, THAPOPUAbHHIX FpyIN, a ABJAIOTCA OOBIMYHO MpOcTO yruieBogo- 
YIHOH IWembiO WIM WHKNOM, Gosee yIOOHLIMH SKCTpareHTaMH JIA paccmaTpH- 
IEMBIX COCMMHEHUM MOryT OKAa3aTLCA MAJIONOJIAPHbIe yreBOAOpOAbl H UX 
WJIOHMOZaMelkeHHbIe. HanpotTus, Oomee THAPOPUJIbHbIe H MOAPHbIe pacTBopu- 
JIM, COMepKalllve KUCMOPON, OKAKYTCA MeHee MpPHrOHbIMH. K TaKOMY 2K€ BBI- 
Ly WPMBOAMT paccMOTpeHve MeXKMOJICKYJAPHbIX B3aNMOJeHCTBUM B CaMOM 
acTBopuTese. JTrourcen ('°) oTMeTHJI, ITO XOPOIMIO SKPAHHPOBaHHble B. K. C 
ICCMATPHBaeMOrO THIIa JyuUle JKCTParMpylOTCA HeaCCOMMUMpYyIONlMMUCcA pac- 
OPHTeMAMH, MeXKY MOJeKYaMH KOTOPbIX eHCTBYIOT JMINb caOple BaH- 
P-BaaJIbCOBbI CHJIbI, KaK, Halpumep, B Gex3oue HK CCl,. Ec Bsaumojeiicr- 
ie MexKMLY MOJIeKyaMU yKpelisAeTca BBeeHHeM KapOOHHIa WIM rupoKcuaa, 
‘cCTparHpoBaHve yxyjulaerca. ; 

MoxHO MOJaraTb, 4TO SKCTpakIHA COeMHEHHH paccMaTpHBaemoro THA 
[{a6O 3aBUCHT OT H3ObITKa peareHTa HM NOOaBOK IPyrMX BelllecTB, a Takxe, 4YTO 
WM COCMMHEHHA MasiO CKJIOHHbI K JMMepusalluy. 

JLnsa HCHOIb3OBaHHA H3IO%KeHHLIX MpescTaBJeHHi B MpaKTHYeCKUX WeJAx 
OOXOMMMO 3HATb, KAKHe HMCHHO HOHbI CIOCOOHDI MPOABJIATS B B. K. C. KOOP- 
(HaIMOHHYy10 HeHacbileHHOcTh. IIpu o6cyxJeHHH STOFO BONpPOCa He/b3A He yUH- 
IBaTb TOTO, 4TO KOOPAMHAIMOHHOe YHCO HOHA B pa3JIMYHbIX ero Coe HHe- 
[1X He OCTaeTCA MOCTOAHHBIM. Bo3MoxKHO, 4YTO MpMposa aTOMOB-OHOPOR, C 
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KOTOPbIMH COCMMHACTCH HOH, M THM OOpasyrolllerocaA COeAHHEHAA OKAa3bIBAlO] 
BAMAHWe Ha KOOPAWHAMOHHOe uHCO. KOOpfMHallMOHHy!IO HeHaCbIleHHOCTH 


8 \ + | 
MOryT, HO-BHMMOMy, IposBaATb B. K. c. Li*, T1*, NpO” u ero ananoros, me} 


JIOWHO3SEMEJIbHBIX QeMeHTOB, Mi?*, Zn?*, Cd?*, UO; WM ero aHasoroB. Koop4 
JMHAWMOHHO HaCbIN[eHHbIMH ABJIAIOTCA B. K. C. Y€TbIPEXBAJICHTHBIX 9JICMCHTOE 
M, BHJ|MMO, TpeXBaJIeHTHBIX, XOTA B OTHOWICHHM MOCeHAX STOTO HeNb3H yT4 
BepxKlaTb OlpesevieHHO. 

M3n0xKeHHbIM BbILe MOAXO K ONMCAHHIO JKCTPaKIHH B. K. C. MOKET ObITb 
110-BHJMMOMY, MCMO/Ib30BaH KaK JIA HHTepmpeTalHu pahee NOJYGeHHBIX SKC 
Ne€PHMeCHTAJIbHBIX JaHHbIX, TaK H JIA OPHeHTHPOBKH MIpH BbiOope pacTBOpH 
TeJIA HM YCIOBHH SKCTparvpOBaHNA [WIA TeX B. K. C., U3BJIeYeHHe KOTOPbIX HE 
usyyeno. Jla Toro TpeOyetca a priori OlWeHHTb CBokicTBa: 1) KaTHOHA MeTasy 
Jia — BaJICHTHOCTb HM K. 4., HHOra palvyc, CpOcTBO K OObIMHbIM aTOMaM-J0- 


i 


HM pacnOJlIoOxwKeHHe ATOMOB-JOHOPOB, Ha/IM¥ve WJM OTCYTCTBHe FHpopusbHbIx 
rpyin; 3) opraHwyeckoro pacTBOpHTesIA — HaJIMYHe ATOMOB-JOHOPOB (KACO 
po), MomapHoctb. Ha ocHope 9THX CBeJeCHHH MO%KHO, YYHTHIBAA M3JIOKeHHYIG 
B CTaTbe CXeMY, JI€laTb HEKOTOPble MpOrHOSbI O NOBEJECHHH 3JIEMeHTOB. t 

Ham mpeycrapineTcd, uTO 2eslaTesIbHO TepecMOTpeTb C yueTOM CBOMCTEE 


Jal OCHOBbIBaAIHCb Ha JOMYyULeHHH, 4YTO TpHposa IKCTpareHTa He HMee 
6obuIOrO 3HayeHHA. Hanpumep, isl H3BIeYeHHA BCeX Oe3 HCKJIOUCHHA OKCHXH-+ 
HOJIMHATOB PeKOMeHROBaICA XOpodopM. HyKHO CKa3aTb, 4TO XMOpOdop 


HCMOJIb30BaTb, HallpHMep, «3IEKTPOOTPHILaTebHOCTb» KHCMOpozHoro aToma. Ilo 
OOHIH MOLXOL AIA pacTBOPHTese-KOMMJIeKcOOOpasoBaTesieH ObIvI MCTOJIb- 
30BaH beprepom ("*). OqHakO KONIM¥eCTBeHHOe BbIPaKeHHe «3JIEKTPOOTpHIla 
TEJIbHOCTH» KHCIOPOLa 3aTPyHeEHO; TpyHO COCTaBHTb Jake COOTBETCTBYIO4 
mv pay. Bo3MoxKHO, YTO B MepBOM MpHOWKeHHH JyULIe UCMOMb30BAaTE 
Apyroe CBOHCTBO — NOJISAPHOCTb pacTBOpHTesA. ITO CBOHCTBO TeM Coulee yOOHO 
YTO NO3BOIAeT C €HHbIX TMO3MIMH paCCMaTpHBaTb H KUCIOPOTCcosepxKamHne 
WM OecKHcOpoyHble pactBoputTeru. IlapamerpamMu, B MpHHukne NpMrox,HbIMu 
JIA CONOCTAaBJIEHHA pacTBOpUTeeH, MOFyT CJIyYKUTb B TOM CTyUae JMMObHbIM 
MOMEHT, IIOJIAPH3YeMOCTb, JH3JIEKTpH¥eCKad NMOCTOAHHAA, MOJIApHad NOApH 
sauna. Jina mocieqHuX Napametpa, N0-BHUMOMy, HaHOovlee IpHeMJIeMbI, OLHAKO 
M OHH, KOHEYHO, He YHHBepCaJIbHbl. 


VinctutyT reoxuMHH MW aHamMTHUeCKOH XHMHH Tlocrynusto 
um. B. WM. BepxHaycKoro 9 IX 1960 
AkajzemuH Hayk CCCP 
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Hornayes Akanemuu nayr CCCP 
1961. Tom 136, N 3 


XHMH ff 


A. HW. KATAMPOPOACKHA, 10. T. CTPY4KOB, FP. JI. ABOSH u M. A. JABbIOBA. 


MCCJIEMOBAHWME CTEPHYUECKHX B3AMMORENCTBHA 
B HEKOTOPbBIX TAJIONANPOKSBOJHbIX HA®TAJINHA 


(ITpedcmaeneno axademuxom A. H. Hecmeanoeeim 12 X¥ 1960) 


[Ipo6ema CTpyKTypbIl OpraHvyuecKOli MOneKysbI C JOCTaTOUHOM YeTKOCTHIO 
asOuBaeTCaA Ha Be YacTH. B3avumMHOe BJIMAHMe aTOMOB, Mepegaiolleeca m0 ren“ 
BASeH, IPMBOMMT K Crelupuyeckomy pacnpesenenuio AHH cBAseli. Pay 3a- 
OHOMepHOCTeH B JWIHHAX CBxA3eH, KaCaloulMxXCA ApOMaTHYeCKUX MOVIeKYJ Hi 
PyTHX CjlyuaeB CONPsKeHHA CBASCH, YCTAHOBJIeH OCTaTOUHO HayexKHO 

CBOAKY 9THX JaHHbIX MOKHO Hali- 
MB ciipapounuKe (°). 

Bropasx ctpykTypHaaxA podsiema 
BASAHaA C BJIMAHHeEM BaJICHTHO He 
BASAHHbIX ATOMOB, KOTOPOe 4acTO 
a3bIBalOT CTepH¥eCKHM B3aHMOJeH- 
TBHeM. Psy MpxAMbIX H KOCBCHHbIX 
@HHbIX YKa3bIBaeT, Y4TO 9TH Be 
aCTH CTPYKTYpHOH mpoOemMbI MoOx«K- 
O JeHCTBHTeJIbHO UETKO pa3syeJIUTb. 
HeEprHA B3aHMOJeHCTBHA BaJIeHTHO 
BASAHHbIX ATOMOB Ha 1—2 nopsyKa 
OIblIe SHeEPprHH B3aMMOJeHCTBHA 
aJIGHTHO He CBA3AHHBIX aTOMOB. 
losTOMY JWJIMHbI CBASeH 3aBUCAT B 
YeHb HE3HAYHTeIbHOH CTeleHH (BO 
CAKOM CHyy¥ae 9TO THICAYHbIC JOVI 
HrCTpeMa) OT KOH(OpMallHH MOJIe- 
VJIbl, OT HallpA*KeHHA B IMKIAX, OT 
TepHueCKHX B3AHMOJeHCTBHH. 

Masoctb wHTepdbepeHMH B3aMMOJeHCTBHM BaJIeHTHO He CBH3aHHbIX HW Ba- 
@HTHO CBASAHHBIX ATOMOB MO3BOHeT CPOPMYJIMPOBAaTh CJleAyIOUlyIO CTPyKTyp- 
y!o mpoOJleMy: KaKOBbI JOJDKHbI ObITh BaJIeHTHbIe YIvibl Y MOJIeKYJIbI HW KakytO 
OHOpMAaLMIO OHA MIpMMeT MPH 3aqaHHbIX AMHax cBAseH. [lonxog K MoseKyue, 
ak K CHCTeMe 2JIEKTPOHOB VM Ajlep, MOJYHHAIOMLUXCA 3aKOHAM KBaHTOBOH Me- 
aHUKU, He MO?KeT IIpMBeCTH K pellleHHIO yKasaHHON 3aqauH. LlenecooOpasHbim 
BUIAeTCH NOMYSMMMpHyeCcKHM MoLXog (*), CyHLHOCTb KOTOpOrO CBOANTCH K Ha- 
OXKJICHHIO MMHHMYyMa 93HepriH HalipAxKeHHA MOJI€KyJIbl, KOTOPaH MOHMMaeTCA 
aK CYMMa 3HeEPprH OTKJIOHCHHA BaJICHTHBbIX YIJIOB OT HX «HeasIbHOrO» 3Haye- 
WA M 9HeEPrHH B3aHMOJeHCTBHA BCeX Nap BaJIeHTHO He CBA3AHHbIX ATOMOB. 
yeBUHO, NTO AVIA pellleHHA 3aauH HeEOOXOAMMBI CBeseHHA OO yipyrocTu 
AJeabHbIX» YIJIOB HW O NOTeHUMasie B3AMMOJEHCTBUA BaJIeHTHO He CBA3AHHbIX 
TOMOB. 

‘Pay Oouee HM MeHee yadHbIX MOMbITOK 9TOFO pOa H3BeCTeH B UTepatype, 
‘CM mpo6mema JocTaTouHO oTYeTIMBO (OpMy/JMpyeTcA BA alMpaTHyeckux 
DeMHeEHHH, B KOTOPbIX eCTeCTBCHHO JOMYCTHTb MONHY!O HB30TPOMHOCTb B 
tkoHeHuu Aa yrsa OT «HfeambHOrO» 3HaYeHHA, TO TOpasqo CwOMKHEe WeJo 
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Puc. |. Crpyxrypa _1,4,1’,4’-rerpaxmopxHac- 
TranuHa. IIpoexuna ab 


OOCTOHT JJId ApPOMATHKH, Tye B3SaHMOJeHCTBHe -3IeEKTPOHOB MpHBOAMT 
BbITOMHOCTH MOCKOrO pacnooxKeHHA aTOMOB. TakHM oO6pa30M, 3HeprHio} 
CBA3AHHY1O C YrvlaMH, CTAHOBHTCA BO3MO?KHBIM ONMCbIBATh KaK CyMMy R( Ac)? 
OTKJIOHEHHA CBA3H MO], pasHbIMY a3MMYTAMH K MJIOCKOCTH «HeaJIbHOrO» aPpOMAaTH} 
yecKOrO Apa HeCOMHeEHHO OOsaaloT pa3sHOH SHepreTHYeCKOM BbIFOHOCTHIO} 
Kakve-H60 allpHopHble cyKJeHHA NO STOMY MOBOY HaM He KaKYyTCA BO3MOK4 
HbIMH, @ HEKOTOPble NOMbITKH (°) BbIBOZa KOHOpMallHii HCKaxKeHHbIX apomaTH | 
yeCKHX CHCTeM, JyMaeTCaA, lpexkJeBpeMeHHbI. 


Puc. 2. Crpyktypa 4,4’-qHxaopanenadrena. Ilpoexuua ab 


Jlia Toro 4TOGbI CTaIO BO3MOXKHEIM CO3aHve NOsyIMMNMpHYecKOh TeOpHy) 
HeOOXOMMMO Tipexkye BCero HCCeEOBaTb AHAZOTPONHIO OTKMOHEHHA CBAZeM JVI 
CTepHueCKH 3aTPYHeEHHbIX MpOH3BOMHbIX apOMaTM¥ecKHX CoeqHHeHHM. Taxoe 
cucTeMaTuyecKkoe HCCIeqOBaHMe HavaTO B Hale madopatopuu. IIpeanonay 
raeTcaA B MepBylO Ovepelb H3YYHTb CTPYKTypy MepH-MraNtOU“AONpOUsBOLHEIN 
HapraivHa WM Jlasiee CTpyKTypy 4,5-7HraJIOHAMpOH3BOAHHIX (eHaHTpeHa. 

B sToH CcTaTbe MbI COOOWLaeM O NepBbIX SKCIePHMeHTAaJIbHbIX Pe3SyJbTAaTAaX } 
MerToyoM peHTreHOCTpyKTYPHOrO aHaJIH3a KPHCTaJJOB OblIH OlpesesIeHbl CTpyK 
Typbl Mosexya { 1,4,1',4’-rerpaxnopHapbranmuna uw 4,4’-nuxnopallenadptTenay 
Kpuctaibl MepBoro 43 HHX IpHHasyeKaT K HpocTpaHcTBeHHOM rpynne Pccn 
c 4 MoveKylaM¥ B s4¥elike, UMelollel MapameTppl a = 9,45; b = 15,20; c= 
= 7,05 A. IIpu stom Monekysbl HaXOAATCA B UACTHBIX MOMORKeHUAX Ha OCAX 
BTOporo NopsyKa (ocb 2 nepneHAUKysApHa NOCKOCTH HadTawMHOBOrO Aqpa)s 
Anajorwunble aHHble Qa fpyroro KpHCTasa TaKOBbI: MpocTpaHcTBeHHasy 
rpymna C2/c, a = 15,38; b = 9,45; c= 7,48 A; 8 = 118,5°; 4 MonekysbI E 
AveHKe, 3AHMMAIONLHe YaCTHbIe MONOKeHHA Ha OCcHX 2. MccneqoBaHHe CTpykK 
Typ OCYIecTBeHO NO MpOeKUMAM 93JIeKTPOHHOH JIOTHOCTH Ha PpaHH 
(pue. 1 wi 2). 

VccieqopanHble MOJI@KYJIbI XapaKTepH3y!OTCA CyILeCTBeEHHBIMH cTepnue 
CKMMH 3aTpyJHCHHAMH: B «KHeasIbHbIX» KOHOpMallHAX (T.e. IPH HalpaBsJeHHH) 
cBi3H C—Cl no OuccexTpuce sBaseHTHoro yraa C—C—C apomaruyeckorq 
KOJIbIla), paccTosHHe C]I...Cl B MoweKkyme TeTpaxsopHadTaiuna cocTaBsaey 
2,49 A, aB MomeKkyne puxnopanenaprena 2,56 A, uTo cymlecTBeHHO MeHbILe 
PaBHOBeCHOrO BaHJepBaaIbCOBa PaCCTOAHMA, paBHoro > 3,7 A. 

OcHOBHOH pe3ysJbTaT HCCeqOBaHHA COCTONT B TOM, 4YTO H3-3a yKa3aHHOrd) 
cTepWueckoro B3auMOselicTBHA aToMoB cBa3H C—Cl B mepBoM coeqMHeHHy) 
OTKJIOHEHBI Ha 8°, a BO BTOPOM Ha 5° OT «ueabHbIXy HallpaBJeHHli (paccTosHHal 
Cl...Cl cranopatcs papupimu 2,98 A u 3,12 A coorsercTrBeHHo). STU oTkKOHe4 
HMA MpOUCXOAAT B NJIOCKOCTH Afep, OTKJIOHCHMA B MepMeHAUKYJAPHOM HallpaB+ 
JIGHUK (110 HOPMaJIH K ApaM) 3aMeTHO MeHbIUe H COCTaBJAIOT COOTBETCTBCHHG 
0,05 4 0,18 A 
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OOuapyXeHHble OTKOHCHHA cBxA3eH MOMaBIAIOILMM O6pa30M 3aBHCAT OT 
3aMMOeHCTBUA HEHTPaJIbHbIX ATOMOB XJIOpa (KaK 4aCTO TOBOPAT, BaHJepBaasb- 
oBa B3aMMOselicTBHuA). JleHcTBUTebHO, MPH CaMbIX KpaiiHHX OWeHKaX H3Me- 
CHHe I/IEKTPOCTaTHYeCKOH SHeEprHH MpH yKa3aHHOM H3MeHeHHM paccTOAHHA 
1...Cl B qecaTb pa3 MeHbIlIe H3MeHeHHA 9HEPruy BaHepBaabcoBa B3aMMOLelt- 
[BHA. 

Ham kaxKeTCA BeCbMa e€CTeCTBEHHOH MeHbIad BeMUMHAa yrla OTKIOHeEHHA 
clydae AUxopanenaprena. Kak Oplm0 MOKa3aHO 9KCMepHMeHTasbHO (*) H 
ObACHEHO pacyeToM (°) BaAeHTHBI yrom mp aTome C, B MOseKyvie alleHadTena 
BeMueH 0 128,4° OnaroqapA paBHOMepHOMYy paclipeseneHvio HanpsaxKeHHit 


O Aipy. Takum o6pa30M, OucceKTpHCbI BaJIeEHTHEIX yrioB aToMoB Cy u Cy B 
ojleKyIe CaMoro alleHapTeHa yKe OTKJIOHEHbI OT NapaebHOrO MONOKeHHA 
a 3,5°. Ilostomy OTKOHEHHA OT MONO*KeHHH OucceKTpHc B WUXOpanenadrene 
PHMepHO Ha 3° MeHbllle, 4eM B TeTpaxopHadpTanuHe. XapakTep B3aMmojzel;t- 
(BHA BaJIeHTHO He CBA3AHHbIX ATOMOB XJIOpa B JIBYX HCC/IeAOBaHHbIX COeLH- 
PHHAX O€3 COMHEHHA OJMHAKOB. 

B mocweqyoulHx COOOMLCHHAX MbI HaeeMCA aTb KOJHYeCTBEHHYIO OMeHKY 
IPYFOCTH OTKJIOHeHHA CBA3H C—Cl B pa3HbIX HallpaBJeHHAX, HCXOIA U3 
OTEHUMANIA B3AMMOMeHCTBHA HelTPabHbIX ATOMOB XJIOpa. 

AsTopbt BbIDaKa:oT GmarogapHoctp B. A. Kontiory 3a mpezocTaBsjenve 
penapaToB WIA UCCIeOBaHHA. 


MucrytyT 3iemeHToopranuueckux CcoeqHHeHHit Tloctynuso 
AkajemuH HayK CCCP 4 X 1960 


WHTHPOBAHHAA JIMTEPATYPA 


1 Tables of Interatomic Distances and Configuration in Molecules and Ions, London, 
958.2 A. HW. KutatiropoacKud, Tetrahedron, 9,183 (1960). % Steric Effects in 
ganic Chemistry, N.Y.— London, 1956; M. A. Ali, C. A. Coulson, J. 
fem. Soc., 1939, 1558. 4H. W.W. Ehrlich, Acta Crystallogr., 10, 699 (1957). 

A.U. KutatropogacKkun, JAH, 124, Ne 6, 1267 (1959). 
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paTHBIM XOJIOJWJIbHHKOM, CO@QHHEHHbIM ra3z00TBOAAMeH TpyOKoH c AByMA 
MOCJI€QOBaTeIbHO COCPAMHEHHbIMH [peKkcesimu, NoMenamH 230 Ma 15% oneyma. 
IIpu Temnepatype OanH 100—102° npu nepemMewiMBaHHH NocTeneHHO mpHOas- 
JiamH 223 r (0,8 Mousa) cBexKeneperHaHHOH CMeCH H3OMePOB HOAMHXJIOpTpupTop- | 
atana (T. Kum. 53°/150 mm). | 

[as000pa3Hble MpOAYKTbI peaKWHH NormoulamH a6c. CNMpTOM B jpeKcesax, © 
OXJIA%KAeMbIX JIbJIOM. 

Ilo okoHYaHHH peaKUHH H3 peaKILMOHHOM KOJIObI OTTOHAIM TeEMHYIO XKHI- 
KOCTb, OKa3aBIIIylOCA XJIOPHCTHIM HogzoM. B KonGe pH OXaKTeHHU BbIKPHCTAad- 
JIM30BbIBaJICA HO. CNUpTOBbIH pacTBOp, COJep2xKallHH ra3so0Opa3Hble MpPONyKTHI! | 
peakKWHH, MOBepraiu MeperoHKe C XOPOMWIMM JedierMaTOPpOM, IIpH 3TOM B JIO-. | 
BYLUKe CKOHJ€HCHpOBaJICA CepHHCTHIN ra3. CNUPTOBbIH JHCTHJIAT BbIMMBAI B YI 
JI@QAHYIO BOLY, OTICHBLIHHCA CJIOH MpOMbIBaJIH BOON, pacTBOpOM OuKap6o- |} 
HaTa HaTPHA, BHOBb BOOM, CYLIMM Cyb~aTOM MarHUua MH MeperoHamH Ha KO- jh 
OHKe 3¢pexTuBHocTE!IO 30 T. T. Tlomyyenb cneqyrourve dpakunu: 1) T. Kun. | 
47—48°, nj) 1,3590, mpeoun 113; 2) T. kun. 95—96°— sTunoBLIH sup Audrop- 
XJIOPYKCYCHOH KHCJIOTBI C IIPHMeCbIO He MpoOpearupoBaBlero HOAMUXJOpTpH- |! 
propstana; 3) T. kum. -131°, n 1,4040, an 1,321 — aTHnO0BbIM apup Wuxsop- 4! 
(bTopykcycHou KucyIoTH. MR Haligeno 32,40; BpryucaeHo qa CyH;FCI,O0, 31,89. 


Harjreno ofa @ 27,52 Hea, to 
C4HsFCl,0,5. Bpruncneno %: C 27,43; H 2,86 


@pakuuio 2 [VIA OTJeeHHA OT IPHMeCH HelIpopearupoBaBulero AHXNOpHos- 
TpHTopstana HarpeBan 6 Yac. C WHHKOBOH MbIWIbIO MpH 60—70° u mepero- 
HAJIM Ha KOJIOHKe T. KUM. 96°, n%® 1,3572, d»> 1,253, MR naiizeno 27,06, 


BbIgHceHO BIA C,H;F,ClO, 26,88. 


Hafigeno %: C 30,42; H 3,37 
CaHsF2ClOs. Buriuncneno %: C 30,28; H 3,16 


Bpixoa MpOMyKTOB peak TpHBezeHbI B TaOs. 1, ucxoga u3 223 r (0,8 
MOJIA) HOJMXJIOpTpH@Topstana. 


IWS seer ey al 


CFCl, — CF,Cl | CF,CICOOC;H, | CFCl,COOC,H, 
Hoxauxnoprpudropstan 223 r (0,8 mous) 


we ey zy % r % 

Cpexken puroToB.eHHblit B53) 4 66 a2 18 13 
Ilpocrossuin 3 Mecalla pu KoM- 

HaTHOH Temnepatype LOs2: hed 65 ot 20 14 


Harpetbili B Tevenne 4 uac, mpu 110° 
B TipucytctBun 41 % nepeKucu 
6eHsouma 10,2 7 64 50 16 41 

BosppallleHublii 43 peakIun TeOMe- 
pusalun c TeTpadTopsTHeHOM Weg) 8 39 30 44 3t 


McxonHpiit HOLMXAOpTpUdTopsTan Mepeyx peakuHel Oplsi NeperHaH Ha KO- 
nouke spekTHBHOCTHIO 17 T. T., T. KH. 53°/150 mm, n 1,4492. 


MucrutyT 9JleMeHTOOpraHHyecKHX CoeHHeHHit Tlocrynusno 
AxkajlemuH Hayk CCCP 18 X 1960 


UHTHPOBAHHAA JIATEPATYPA 


Ly. T-Bar J DG 1 beson, Re Neel) Aviat eit tay, ee nits Chee SOG a onmaus 
(1951). "2 Ra NH a sz el dimes, ale Chemie Soct61952, 449508 SR Are wip olOn Lee tiie 
Chim. et Phys., 22, 465 (1891), 4WU. JI. Kuyuauu, B. B. WoKkuna, Jin Uauu- 
toa Hb, JIAH, 129, 328 (1960). 
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Jlokaxayp Akanemum Hayr CCCP 
1961. Tom 136, Ne 3 


XHMH 9 


aen-Koppecnonyent AH CCCP H. K. KOYUETKOB, A. A. XOPJIHH u A. ©. BOUKOB 
CHHTE3 K-CTPO®AHTHHA-3 


Cpequ Oombpoioh rpynner CepAeCuHBIX PIHKO3HOB JIA MpakTHyecKOH MedH- 
WHHBI BaxKHOe SHAYeCHHE HMCIOT TIMKO3HJbI PasHUHBIX BuZOB Strophantus. 
OcHOBHOe MeCTO CpeH HHX 3aHHMaeT OHO3HZ, H3BeCTHLIt NO], Ha3BaHveM 
K-crpodaxTuna-B, BbieleHHBIi BepBEe B YHCTOM Bue J>KeKOOcoM (‘), aA 
KOTOpOrO yCTaHOBJICHO CTpoeHHe 4-8-D-rmoKosua-D-1uMapo3nya cTpodantu- 
auua (II). Bauzy tpygquocteli, cas3aHHbIx C BbILeeHHeEM K-cTpodautuHa-8 143 
MpHpomqHoro MaTepHa- | 
a, K TOMY K€ He Bce- 
ra QOCcTyNHOro, nper- ; 
CTaBIAeT MHTepec 4a- GH 
CTHYHBIH CHHTe3 3STOFO - 
MpaKkTHYeCKH BaxKHOFO 
rIHKO3Ha H3 G6ovee 
MOCTYNHOTO NpHpoLHO- 
rO CbIDbA,B YaCTHOCTH 


43 JOCTYMHOrO MOHO- ZN eee 
CHO Ac CHy I 
3H,a WHMapHua (D-uH- | OHC 6 
Mapo3sHya cTpodpanTu- — > koa % | 
AcO 


uHa). B unactosuseli 
STATbe IIpHBOLATCA ae OCH, on 
IPeBap HTeJIbHbIe JaH- 
HbIe O6 3TCM CHHTEe3e. ak 
B wHTepatype onu- CH,OH a J 
‘AHO HECKOJIBKO CHH- O 
fe30B MOHO3HJOB, CO- —* Kon ee ( an 
lepxKallux CepeuHble HO 
arIHKOHBI (?~*). Ha- OH OCH, DH 
IPOTHB, O MOMbITKaX (ly 
‘HHTe3a OHO3HOB, HB , 
[aCTHOCTH BadKHeliIuerO H3 HAX K-cTpodaHTHHa-f, HaM He ylaJiOCb HaHTH yNo- 
{HHaHHA B MMTepaType. IlockoubKy B WHMapHHe (1) B yruleBoqHOM OcTaTKe IH- 
{APOSbI COJep2XKUTCA EHHCTBEHHDIM CBOOOAHbIH THAPOKCHJ, TpeTHYHbIe THApO- 
<CHJIBHbIe PPyNMbl aryIMKOHa MaJIO peaKUHOHHOCTOCOOHBI B peakWHAX Sgt 
Ml BOLOPOMa, a CBA3b TIOKOSbI C WHMaposoli B K-crpodpantTuHe-B uMeeT }- 
(OHULYpPallHiO, Ka3aJIOCb BOSMOXKHbIM OCYILeCCTBHTb CHHTE3 STOFO 6uos3Ha NO 
<enurcy — Kuoppy c ocwieqyioulHM CHATHeM aLleTHJIbHBIX Tpyll KakHM- 
1HO0 JIOCTaTOUHO MATKHM MeTOOM. : 
BBuy BbICOKOM JIaOMJIbHOCTH MIMKOSHHOH CBASH IkMMapHHa KaK IJIHKO3H- 
la 2-We30KcHcaxapa HM efO arIMKOHOBOMi 4aCTH, BeCb CHHT€3 TpeOoBall OYeHD 
WaTeIbHOFO Mo_Oopa ycOBHH peaKIUMH HM KOHTPOJIA 3a €€ XOJOM. IIpezBapu- 
CIbHbIC OMBITbI TO KOHeHCalHH TeTpPaalleTHJFOKO3SHJOpOMHAa C LHMapHHOM 
3 OOBIUHBIX yCJIOBHAX CHHTe3a Kenurca—Kuoppa, T. €. B MpHcyTCTBHH Kap6o- 
lara cepeOpa B OeH30JIbHO-2HOKCaHOBOM pacTBOpe, AalH OTPUMLATeJIbHbIe Pe- 
bTATHI WIM MPHBeJIH JIMUIb K OOpa30BaHHi0 CJlelOB 6uo3una. IIpopepka ycsio- 
Mii KOHJCHCaWMM MWoKasasia, YTO HeyauH, MO-BHJMMOMY, CBA3AHbI C HaJIM4HeM 
Obl B peaKIUMOHHOM cMecH, KOTOpaA OOpasyeTca B pesyJIbTATe BSAMMOMCHCTBUA 
4Br c Ag.COs. Ilostomy Bo3HHkua HeOOXONMMOCTb nom6opa addekTHBHOrO 
feToa yJavieHuA BOX H3 peakIMoHHOH cMecu. I Ipumenenue OObISHBIX nf 


cuntesa Kenurca — Kuoppa ocyumTeneft (MgSO uw gp.), a Takxe nombirKa 
HeMpepbIBHOM OTTOHKH BObl B BAKYYMe B TOKe a30Ta, He MIpHBeH K %KeaeMOMy 
pesypraty. [IpuMeHeHHe H3BeCTHOrO MeTORa a3eOTPOMHOM AMCTHIALHH T0- 
TpeOOBalO 3HAYHTeIbHOrO pasOaBJIeHHA PeaKIMOHHOM CMeCH, 4TO MpHBOIHVIO 
K MOUTH MOMHOMYy MpekpalleHHio peakuuHn. Jia ycTpaHeHua STOO 3aTpyaHe- 7 
HUA PeaKIMMA MpOBOAMIach HaMH B CrlelMasbHOM mpHOope. (puc. 1), rae Boya | 
HelpepbIBHO yaJiiJlacb OTTOHKOH C OeH3OJIOM MH Ha- 
WeO NOrMOULalacb MeTaJJIMYeCKHM HaTpHeM. ITO 103- 
BOJIMJIO BeCTH Mpollecc B JOCTaTOUHO KOHILEHTPHpo- 
BaHHOM paCTBOpe IPH NOCTOAHHOM OObeMe peakIIH- 
OHHOH CMeCH. 

VUcceqopaHue peakKUMOHHOH cMeCcH XpomaTorpa-. 
cbueH Ha OyMare MO0Ka3aI0, 4TO B 3THX YCJIOBAAX 
oOpa3yeTCA 3HAaYHTebHOe KOJIMUCCTBO BellleCTBa, CO- 
oTBercTByrollero mo R; K-ctpodantuny-8. Hapsary c 
9TMM B PeaKIMOHHOM CMeCH OCTaeTCA 3HadHTe/bHOe 
KONM4eCTBO HCXOAHOTO WHMapHa, KOTOpOe COXpaHA- 
eTCd HM IPH ymoTpeOeHHH H3ObITKa alleTOOPOMIVIIOKO- 
3bl HU YBeJIMYCHHH MpOMOMKUTebHOCTH peakuHH. Kpo- 
Me Toro, OOpa3yeTCA KakOe-TO HOBOe BellecTBO, 06- 
Jlajqaroulee, CyAH MO WaHHbIM OyMaxxHOH XpomMatTorpa- 
Puc. 1. [lpu6op ana mpo- HH, OOJIbUIeH MOJIAPHOCTbIO. 

BeqeHuA =peakiuu: =f — Tlomy4eHHbI OMMCAHHbIM BbILe CHOCOOOM MpodyKT 
eae cs ae peakILHH 6€3 BbIeICHAA B UMCTOM BUe NOLBepravica — 
Sa ier ae Jle3alleTHJIMpOBaHHlo JelcTBHeM KHCO; B BOHO-MeTa- 
XONOAMIbENK; 4—BpBof HOJIBHOM paCTBOpe C MOCJeLyIOWeH OUHCTKOH MyTeM 
aoa 3KCTPakWuH, xpoMaTorpapupoOBaHHA,  IOBTOpHOH 
S9KCTPpaKUHH HW MepeKpHCTaJIM3alHH. 

UOnctpit mpenapat ue oTunuasca oT o6pasia mpupozHoro K-ctpodantuna-B 

nO Temlepatype MaBJIeHHA, WBETHBIM peaKIHAM HM OMOMOrMYeCKOMY JIeHCTBHIO. | 
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Puc. 2. W.-K. CneKTpbI NormouleHHA B BaseMHHOBOM Macse. / — cuHTeTu4¥eckHi K- 

erpodbantun-8; 2,3 —nepspili u Bropo o6pasun npHpogzKoro K-crpodantuna-B. 1710 

u 1714 cm-! — panenTuble KoneGanua Cy C =O-rpynmpt; 1744, 1742 u 4759 cm7 — 

BasleHTHbIe Kome6anHua C —O-rpynnsi 6yTenomuaznoro wuKsa; 1630 un 1624 cm~1— Ba- 
JIeHTHEIe KONeOaHHa C = C-rpyniibl OyTeHOMHAHOrO WHKNa 


OH OKa3aJICH OMHOPOAHHIM WH HWCHTHUHBIM C 3aBeOMbIM TpHposHbIM oOpas- 
1lOM*™ B Tpex cucTemax. Hanwunve B COe@THHEHHH FJIOKO3HOrO OCTaTKAa JOKAa3bI- 


* ABTOpbI CUHTAIOT IPHATHBIM JOJITOM BbIPaSHTb HCKPeHHIOIO MpH3HaTebHOCTh mpod. Bayspy |} 
(Cnopaukan Akagzemus Hayk) 3a MpefoctaBleHHbili oOpasey unctoro K-crpoanTuna-p. | 
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Ba/IOCb THpONM30M, Nocswe yero B ruypomHsaTe Opia xpomaTorpacuyeckue 
oOHapyxKena POKO3a, a TaKKe WBETHOK peaklveli c ayTpouom (8). OrcytcrBuy 
M3Me€HeHMH B MOJeKyJe arIMKOHAa, KOTOPbIe MOXKHO OpIN0 Obl OXKULATH BRUT 
MaOWIbHOCTH CTpodbaHTHaMHa, OblI0 NMOKa3aHO MONOXKUTeMbHOL peakuHel 
Jlerana, yKaspipaioule Ha COxpaHHocTS OyTe- 
HOJMAHOrO WHKNa, a TakxKe y.-—p. cMeKTpoM, 
KOTOPbIM. MMeeT MAaKCHMYMbI, XapakTepHbie 
AIA OyTEHOMMAHOTO WHKMA (Ayaxc 223 Mp, Ig 
aa 4,119) uw Cy anbpgernguoi  rpynnpr 
(Nmaxe 306 Mp, Ig ¢ = 1,715). Kpome ‘oro, 
MJCHTHYHOCTh NOyyeHHOrO Mpemapata c K- 
CTpoaHTHHOM-B jOKa3aHa CpaBHeHHeM UH.-K. 
emlekTpos (pwc. 2). B Haliem pacnopsxennu 


br Wh SG, 


_3S¢m 


Pic." 3. i XpoMaTorpaMMa -peakWMOHHOli cmecu mocae 
pasienenua. Cuctewa [. /—wuumapux; 2— CHCl; — 
akcrpakT; 3 —CHCl3—cnupr (9:1) —axctrpaxt; 4— 
CHCls —cnupr (4:1) —axerpaxt; 5 —CHCls — cnupr 
(3:2) — sxctpaxt; 6 — K-crpodaurun-8. Murencusnoct 
OKpackH MATCH OlleHeHa NO TpexOabHOH cHcTeme (uNp- 
By: PbI-BHYTpH~ MaTeH) 


HMeNOCb 4Ba OOpasua npupoguoro K-crpohantan-P» WOuIyHeHHOTO U3 pasHbIX 
ucTounMKos. M.-K. ceKTp Hallero mpenapata oKaS@ICH SHOVHE HCHTHAHBIM 


4.-K. CMeKTpy OfHOro M3 BUX, u OOHapyxHA cuBHY M@KCHMYMa, OTBeualollero 
, eats BaJICHTHbIM KOIeOaHHAM 


BY SE: C=O rpynns OyTeHoHy- 

om HOrO wHKIa Ha 15 cm7? BcTo- 

pOHY MeHbINHX YacTOT NO 

CpaBHeHHIO C  COOTBETCT- 

BY!OULHM M&@KCHMYMOM jIpy- 

roro o6Opa3sua K-ctpodan- 

THMHa-B (1744 u 1759 cm? 
COOTBETCTBeHHO). 


{mee 3 


IKcnepuyMeHTad b- 


Qe Hd YU aCe 


Bce IIPHMeHABLUIHECA 
pacTBOpHTeIH, KpOMe cree 
I\MasIbHO OFOBOPeHHBIX CJy- 
yaeB, NeperHaHubie. Ynapu- 
BaHHe paCTBOPOB BO BCex 
clydaAX TMPOWSBOLHIOCb B 
BaKkyyMe B TOKe a30Ta IIpH 


oO 
Puc. 4. Xpomatorpammsl uncroro cuHTeTuueckoro K- Temmepatype He Bbine 40°. 
eTpotbanTuHa-B: Ne /—cuctema I; Ne 2—cucrema ByMaxHaa Xpo- 
M; Ne 3—cuctema Il. 1,3—nepsuii u sropot 0o6- MaTOorpadgu az. Hucxo- 
pa3ibl mpuposHoro K-crpopantuua-8; 2—cwuuteTHue- jsaulan, 6ymara Inaitxep H 
oe Upsighar Illy. Cuctema I: x-6yTa- 
Ho—tTosyou—sBoa (1:1:1), 
BepxHult coll. Bymara UMMperHupoBasacb 25% pPacTBOPOM BOJIbI B MeTaHose. 
Cucrema II: xnopod@opm — a-6ytanon— astanon (100:4:1). Bymara um- 
mperHupoBasacb 15% pacrsopom cbopMamuya B MetaHoue. Cucrema III: n-6y- 
TaHOJ, HACbINeHHBI Bono. Mugqukauua NATeH MpOBosMacb C MOMOLIbIO 
BOMHO-CIMPTOBOrO MeOUHOrO pacTBOpa MuKpaTa HaTpHsA. 
» Wcxogupe spemectspa. ILumMapuH: Mpofaxublli mpenapat 
swans MePeKPHCTaIH30BaH H3 MeTaHOJa, BbICyIIeH B BakyyMe IIpH 100°, 
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7. ni. 147—150°. AneTtToOpomrawKosa: t.n0. 88—89°[a]p +2059 
(CHCls). Kap6o0HaT cepeOpa. CpexkeocaxkieHHyl0 COJb TULaTeIbHO 
IIPOMBIBaIOT BOLO HM 9TaHOJIOM. BpicyuMBaloT B BakyyMe Hay P,O; u cpasy xe} 
BBOJAT B peaKWHIO. : 

Cuutes K-crpodautuuna-8. B xkpyraoqonnyo Kon6y npu-} 
6op (puc. 1) momemaror 721 mr (1,3 MM) Wumapnua Hu 6 ma a6c. Cen3soa. Cmecb | 
HarpeBaloT B TOKe Cyxoro CBOOOAHOFO OT KHCOpowa a30Ta pH Temmepartype | 
6ann 105 -+ 2°. K cmecu mpn6aBasioTt 4,5 r (16,3 MM) kapOonata cepe6pa | 
uw pacTBop 2,0 r (6,1 MM) aeToOpomruoKo3bI B 3,75 Mj aOc. QHOKCaHa B Cule- | 
Wyroulel MOCIeOBaTeJIbHOCTH (YKa3aHbl MOMCHTEI BPeMeHH, CUHTAaA OT Havasia 
HarpepaHua): 2 vaca — 2,0 r AgeCO; 2 uaca 30 mun. — 3 Ma pacTBopa alte- | 
TOOpomrioKo3bI; 2 uaca 50 mun. — 1,5 r Ag,COs + 0,75 ma pacTBopa alleTo- | 
6pomrvroKosbl; 4 yaca 50 Man.—1,0 r AgoCOs; 7 wac. 10 mun. — 1,0 r AgeCOs; 
8 uac. 40 MuH. — CMeCb OXJIaxKaIOT B TOKE a30Ta, PHJIbTPy!OT, OCAZOK Mpo- | 
MBIBalOT JHOKCaHOM, XJIOPOPOPMOM HM MeTAHOJIOM, (HJIbTpaT ynapHBaloT o- 
cyxa. OctTaTok pacTBopsioT B 200 Ms MeTaHOa M WOOaBAloT pacTBop 7,0 r | 
6uKap6oHaTa kana B 150 Mi Bombl. CMecb OCTaBJIAIOT IPH KOMHATHOM TeMme- 
patype Ha 7 CyTOK, (HJIbTpy!oT HU PUJIbTPaT ynapHBaloT JO NOMOBHHEI OObeMa.. 
TloyueHHbI BOJHbIM paCTBOp 9KCTParHPyIOT MOCeOBAaTebHO XJOPCopMoM 
(400 mu), cmMecamu xsopodopma co cnuptom 9:1 (400 ma), 4:4 (400 mua) 
u 3:2 (700 ma) (cpaBHu, Hampumep, (°)). OkcTpakTbl ynapHBaloT ocyxa, 
BBICYIIMBaIoT B BakyyMe mpH 60—80°. IIpu stom nowyuator: 43 xNOpodopMeHHOH 


— 


BbITSOKKH — MKEJITLI MOPOWOK, Bec 255 mr (BO3SBpaT WHMapHHa); U3 XJOpoop- 
Me€HHO-CIIMPTOBbIX BbITAKeK 9:1 — xeTHIH NopowioK, Bec 43 mr; 4: 1 — xes- 
ThIH MOpowoK, Bec 97 mr; 3: 2 — xeNTHIH MopowoK, Bec 230 mr. 

IlouyueHHble MpOAyKTbI HCCIeLyIOTCA C MOMOMLbIO OyMaxKHOH xpomaTorpa- 
duu (puc. 3). 

85 mr xsopocdbopMeHHo-cnupToBoH (4: 1) BbITAxKKH NMosBepraiwoT pacnpe-— 
Je€AUTebHOKH XpoMaTorpaduu Ha weoN03e B cucteme CHCl; — cnupt/H2O 
C rpaqveHTHOH 9uOalHeH. KomoHKka ceyeHvemM B 5,6 cm’, BbICoTa cTOI6a acop- 
Genta 34 cm. Llenion03y HacbillaioT MapaMH Bohl mpH 25°, KOJIOHKY 
HaOWBalOT MOKPbIM cnoco6om B 5% pacTBope cnupTa B xopodopme. O6nem: 
pacTBopuTeseH B cmecuHTee 400 mua, kOHWeHTpalua cnupta 5%. Jlo6aB- 
asetca 20% pactTBop cnupta B xJopodopme. Tlocne 250 ma nycteix pakunit 
M3 KOJIOHKM NowlyyaoT 150 Ma pacrBopa, cogepxxamero 50 mr K-ctpodax- 
THHa-8 C He3HAYHTeIbHOM MpHMecbiO IHMapHHa. Satem coOupaioT mpakunH, 
cofepxKaive Ooee NoApHy!o KOMMOHeHTy cMecH. ITlomyyeHHbiiit TakHM 
O6pasom K-crpopanTuH-B pacTBopsior B 25 MA BOMB, pacTBOp UJBIpyIOT 
H 9KCTparupylor NocnexoBatembHO CHCl, 100 mn, CHCl, — cnupr (20: 1) 
70 ma nu CHCl; — cnupr (2:1) 100 ma. Tlocnequuft skctpakT ynapuBaiwrT J0- 
cyXa, BbICYIUHBalOT B BakyyMe. BesocHexkHbIM MopowioK, Bec 25 mr. Betle- 
CTBO TlepeocaxflaioT SfHpoM H3 cnupTa HW BbICywwHBaloT npH 100° (107° mm). 
T. na. 190—196° (pasu.). 

Beulectso xpoMaTorpavyecKH OJHOPOAHO H WEHTHYHO 3aBeOMbIM OOpa3- 
wamM (puc. 4). JlaeT noOxKUTeEbHYIO PeaKILHIO C AHTPOHOM, MO/OXKUTEIbHYIO 
peakuuio Jlerana, 3eneHyio oKpacky c He2SQ,. 

HafiyeHo %: C 58,80; 58,98; H 7,54; 7,36 


Czs6Hs54Oi4-H2O. Buruncneno %: C 59,32; H 7,74; 
MnctutyT XHMHH MpHpomHBIx coezHHeHHii Tlocrynuso 
AkajlemHu Hayk CCCP 1 IX 1960 
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Jloxrnagn Akagemun nayx CCCP 
1961. Tom 136, Ni 3 


XHMHf 
HW. ®. MAKAPEBHY, M. Sl. TPONM u Q. fr. KOJIECHAKOB 


XHMHYECKOE H3Y4EHHE HOBOTO CEPAEYGHOFO FJIHVKO3SHIIA 
MEJITYWIHHKA JIEBKOHHOrO (ERYSIMUM CHEIRANTHOIDES L.)* 


(I] pedcmaeneno axademuxom A. H. Onapunoim 18 VIII 1960) 


_B Tpabe x%eITYWHHKAa JeBKOHHOrO MeTOAOM xpomatTorpadun Ha Oymare 
OHapyxeHo 12 BellleCTB, OTHOCALLHXCA K CePJCUHBIM PIHKO3HaM HM arviHKo- 
aM (CM. pxc. 1). 

Jina mosyueHuA TIUKOSHOB H3Me/IbYeHHy!0 TpaBy 9SKCTparMpoBanu 96° 
MMpTOM. OKCTpakT Mocie ynapuBaHHA pacTBOpHTesA B BakyyMe OOpaGaTHI- 
aH BOJOH UH OYMINaIH apupom, 3atem — Pb(OH),. V3 Bpoguoro pacrsopa rviu- 
O3HIbI U3BJIeKaJIM CMeCbIO XOpodopma u cnupTa (2 : 1). PacrBoputenb otro- 
AJM, OCTATOK CHOBA PaCTBOPANH B HCOObUIOM KOJHUECTBE BOJbI H NOBTOPsAIK 


Hc. 1. XpomaTorpamMa cepyleuHbIX [TVIHKO3HJ0OB Hu 
WIHKOHOB 2KeJITYWUHHKa JIeBKOMHOrO Ha Oymare Jie- 
HHrpancKohH d@abpHKu uM. Bosopapckoro Ne 2, M B 
icTeMe pacTBOpHTeel: xJopotbopmM — H30aMHJIOBBIIi 
mHpT — Boga (1: 1:1), nogBuxHaAd basa — Boga, 


ACbIMLEHHAA OPraHHyecCKHMH pacTBOpHTelAMH; 20°; ey 
4 yaca. / — OUHIMeHHbIH SKCTpakT TpaBbl 2XeJITYLI- *O) 
HKa, | — 9pH3HMOTOKCHH, 3 — cTpodanTuquH, 4 — by - 
mko3Hy-M, 5 — rauxo3ng-JI. Suauenun Rf: a — I 
2210 soe 0,11; 2 — 0,18 0 — 0,27; e — uC) O 
35; oc — 0,45;, 3 — 0,51; wu — 0,55; x — 0,67; 2 — fi S) 
0,74; mu — 0,87 AS 0 


| 


6pa6orky CMecbIo xopodopma u cnupta (2: 1). CymMmy riMkosnjos, Nosy- 
2HHYIO Mocme CrylWleHHA CNHPTO-xXJIOPOPOPpMeHHbIX H3BJIeYeHHH, XpoMaTorpa- 
MpOBaH Ha OKHCH amomuHHA. IIpospsenve NpOBOAHM XOpoopMoM, 3aTemM 
MecbIO XOpodopMa H CIHpTa C MOCTeNeHHO YBeJIHUMBAIOWLHMCA COJepKaHvem 
demeqHero. Pa6ora KONOHKH KOHTpO/IMpOBaach C MOMOLLbIO XpoMaTorpadHun 
a OyMare. SyioaTHl, coflepxKaline WHAMBUAyabuble BelllecTBa, COOMpaJHCb 
THe@IbHO. STHM MCTOJOM HAM yJaJ0Cb BbIJeJIHTb YeTbIPe BelleCTBa B HHIHBK- 
yabHOM KpucTamMyecKOM cocTosHHH. Mx OcHOBHbIe H3HKO-XHMHUeCKHE 
30HCTBa MpHBeeHbI B TAO. 1. 

Tleppbie Ba BelllecTBa HACHTHPHUNPOBAHbI C H3BECTHBIMM Pakee arIMKOHOM 
*podbaHTHAHHOM HM IMKO3HOM SpH3MMOTOKCHHOM ('). OcTambHbie 1Ba OKa3a- 
ACb HOBbIMH JIA XKeNTYWHHKA JeBKOMHOrO CepJeYHbIMH TIMKO3HaMH, O6~ 
aalouluMH BbICOKOM GOHONOrHyecKOM aKTHBHOCTbIO (110 JaHHbIM PapMakOsOrH- 
“KOH na6opaTopux). HasBanbl OHH HaMH COOTBETCTBeEHHO TMKO3HA-H u riu- 
o3Hy-J1. 


* V3 pzucceptayun HW. ©. Maxkapesnua. 


’ Ta6Omauua 1 | 


CBofictBa PAKKO3HA0B H alIHKOHOB XKeJITyLIHHKa AeBKOMHOTO 


Mou. Bec H Buosor. ak- 
HaumMenoBanne 9MnuUpHueckaa i. Wiig {a]p | Rf THBH. B MI/Kr 
dopmy.ta Beca KOUIKH 
CrpodanTHanH 405 ,0 232—233 +46,0° 0,41 0,33 
Cog H320s5 (9TaHOw) 
Ipu3HMOTOKCHH 534,7 494—195 +28 ,6° 0,18 0,095 
Co9H 4205 (aTaHOW) 
Tl auxosun-V 684,3 229—230 Pinas HO p55 0,14 
CgaH501s: (2TaHOW) 
»-H,O0 *% 
TanKko3ug-J1 189—190 —25,3° 0,74 0;12 | 
(9TaHON) 


XwMyvyeckoe H3yyeHHe rviuKO3sHya-1 aABAAeTCA MpeyMeTOM HacTOALLero 
coo6ileHun. [auxosun-M Kpuctaimu3yeTcA 43 alleTOH — acupa B BHse GOec- 
IBETHIX Hr. BErxoy, KpHCTamMyecKoro MpoxyKtTa coctaBseT 0,025—0,03% 
110 OTHOLU€HHIO K CyxoOmy cbIpbio. [HKO3HX JIerKO paCTBOPHM B Bose M CHupTe, 
MaJIO paCTBOpHM B OeH30sIe H XmOpocdopme. J,aeT BCe peaKIHH, XapakTepHbIe 
AA CepWeuHbIX PIMKO3HOB C MATHYACHHBIM JIAKTOHHbIM KOJIbUOM: Jlerama, 
Patimouna, Keane. C peaxtusom Kennep — Kunnanu oOpa3yeT TeMHO-3e/IeHOe 
okpauHBanve. B 84% cepHOlH KHCIOTe paCTBOPAeTCA C 3eJIEHbIM OKPalluiMBa- 
HHeM, KoTOpoe yepes 15 MUH. NepeXOHT B OpaHxKesoe, a yepes 2 4aca — B KeEJITOR. 

CnekTp norjoueHHaA rauKko3uya- B yabTpaduosieTOBOM CBeTe MOKa3bIBaeT 
Ba MaKCHMyM@a: MaKCHMyM pu 220 mp (log e = 4,15) ropopuT O HaHUMH B IJIH- 
KO3Hle NATHUJICHHOFO JIAKTOHHOrO KOJbILa, a MAaKCHMyM pH 305 mp (log e = 
= 1,49) — anbyeruqHow rpynnbl np C,,. Tauko3uq anaiM3HpoBasica mocae 
BbICYIUMBaHHA B BbICOKOM BakyyMe Tip 80° B TeyeHue 3 4Yac. | 


" Hatmeno %: C 59,76; H 7,63 
CgaH59O13-H2O. Brryucneno %: C 59,63; H 7,65 


Mou. Bec: HaliqeHo 684,3; BpruncieHo 684,79. 

Jl BbIACHeHHA XMMMYeCKOrTO cTpoeHHA ruuKo3sHy-1 Obl noxBeprHyT 
cTynenyaTomy rugpomnsy. IIpu po3pelictBuu depMeHTa MaHKpeaTHyeCKOrO COKa 
YJIMTKH OH paCliemseTCA Ha NMe€HTO3Y H MOHOFJIHKOSHL. 

OrijenuBuintica CaxapHblii KOMMOHEHT HHTCHCHBHO BOCCTaHaBJIMBaeT peak- 
THB MeuHra, He COpaxKuBaeTCA 1poOxKKaMH, MPH HarpeBaHHH C COMAHOM KHC- 
OTOH JerkO OOpasyet cdyphypon. Tlomysenupi mpu stom dypdpypon oOpa- 
3yeT C (OPOrIOWMHOM YepHO-3eNeHbIH OcaqoK dypdypo1-proporsmounya, 
HepaCTBOPHMBI B CIIMpTe, TO ABAeCTCH XapaKTePHbIM JIA OTMHYHA MeHTOS 
OT MeTHJIM€HTOS. 

IIpu xpomatorpadpuposanun Ha Gymare B pasAMUHBIX CHCTeMaX PaCcTBOpH- 
TesleH Caxap NOKa3asI OfHHaKOBLIe 3HayeHHA Af c d-kcun030H. M3 cnupTo- 
a(pup Horo ae Caxap JlerkO KpHCTasMM3yeTCA B Bue TIpu3M CT. MI. 145— 


147°; [al = +18,4° (BoqubIi pacTBop, yepes 2 4aca, c = 0,71). B cmellaH- 
HOW 1pobe C focTopepHou d-Kcu1030H caxap rauKo3nya-M He jaeT empeccHu 
TeMllepatypb! MiapieHua. TlonyyeH 03a30H B BHJe %KeJITbIX HFO/IbYaTbIX KPH 
CcTaJ0B Cc T. 11. 162—163°. CmeutanHaa mpo6a c o6pa3ijoM 03a30Ha ROCTOBEP = 
HOH d-KCHJIO3bI HMeeT OJMHAKOBYy10 TemMepatypy M1aBseHHa. 

TIo cBouM cBoiicTBaM caxap, NosyyeHubili mp cbepMeHTaTHBHOM runpomuse 
raiHko3suya-M, oKa3asicA HMCHTHYHBIM d-KCUsIO3e. STO JOBOJIbHO pesKoe, ABUIE- 
HMe, KOrla B COCTaBe CepJe4HbIX TAMKO3HA0B OOHApyxKuBaloTCA MeHTOSsEI. Toc- 
Je@ OTUeMIeHHA d-KCHNO3bI OT rAMKO3uRa-M NOmyuaeTCAH MOHOFIMKOSHL, KpH- 
CTaIM3YIOULMHCA 3 Leni cione B Be JMHHBIX KOMbeBHIHBIX MlaCTHHOK. © 
T. mM. 194—195°; [a] = +28,2° (stanon, c = 1,05). 
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_ Moxorauko3vy Takxe. BCTyNaeT BO BCe peaKI[HH, XapakTepHble Ia cepyey- 
bIX IIMKO3HOB C IATHYJICHHbIM JIAKTOHHBIM KOIbHOM. Ilomox*KUuTeIbHaA peak- 
ua Keaep — Kuanann (cuHee OKpalllMBaHve) yKasbiBaeT Ha TO, 4TO JaHHbIi 
MUKO3H cosepxKuT 2-e30KcHcaxap. if 

B 84% cepHoli KMCOTe rIHKO3H PpaCTBOpAeTCA C KOPHUHEBHIM OKpalllMBa- 
HeM, KOTOPOe MepeXOAHT B 3emeHOe, 3aTeM B CHHEE. 


Hatizeno %: C 65,02: H 8,06 
CopsH 4209. BoruncneHo %: C 65,15; H 7,92 


Mou. pec.: HalijqeHo 534,3; BpruncneHo 534,65. 

KUCJOTHBIH THIPOH3 MOHOFHKO3Ha MpOXOLMT OYeHb erKO C OTIMerVvIe- 
WeM OJHOH MOJIeKyJIbI 2-e30Kcucaxapa. I]pu kKOoMHaTHOM TemmepaTtype c 0,2 N 
acTBopom H,SO, yxe yepe3 1,5 uaca HayHHaeTCA KPMCTaM3allMA arMKOHAa 

Bue pOMONYeCKHX MpH3M. Ilocae nepeKpHCTamIM3alHH 43 CNUPTa arIHKOH 
MeeT T. m1. 176—177°, a u3 cmecu xnopodopma H GeH30a 232—233°; [a]5 = 
= +46,1° (staHon, c = 0,94). 
- APJIMKOH pacTBOpHM B CNupTe 4 x0poopme, TpyqHee B GeH30/Ie H O4eHb 
iaiO pacTBOpHM B Boge. JlaeT NOMOMKUTeMbHbIe peakuHH Jlerana u JIn6epMaHa 
| OTPHaTebHyIO peakuHio Kessep — Kunuann. B 84% H,.SO, pactsBo- 
MCTCA C 2KEJITO-3CJICHBIM OKPaLIMBaHHeM, KOTOPOe TepeXOAUT B OpaHKesoe, 
aTeM B 3eJIeHOEe. 


Hatizeoo %: C 68,07; H 7,91 
Co3H320,4. Baruncneno %: C 68,29; H 7,97 


Mou. Bec: Haiyzeno 405,0; seruncmeno 404,51. 
_ Hoctopepxpii cTpodaHTHqHH H cCMelllaHHad mpoOa C arsIHKOHOM TIVIHKO- 
uyja-1 uMetoT OfHHaKOBYy!IO TeMMepatypy MuiaBlieHuaA. Ha OyMaxKHbIX XPOMa- 
OrpaMMaX B pa3JIM4HbIX CHCTeMaX PaCTBOPHTesel 29TH arIMKOHbI BeAyT ceOA 
HHakOBO. ArHKOH ramuKo3uya-, Tak »%xe Kak H CTPpOPaHTHAHH, aeT MOHO- 
WIETHIbHOe MPOH3BOHOe, KPHCTAaIH3yIolleecA H3 MeTaHOJIa B Bue OeclBet- 


IX MpusM c T. na. 242—243°- [al = +53,2° (stranon, c = 1,00). 


Hafigeno %: C 67,29; H 7,71 
Co5H330-7. BatuucneHo %: C 67,24; H 7,67 


‘. 


Mou. Bec: Haliqeno 447,01; BeraucneHo 446,54. 

M3 u310x%KeHHOrO CulemyeT, ITO arIHKOH rMKO3HL-H NOMHOCTHIO HAeHTHYeH 
TpopaHTHAMHy. 

» Ws xucnoro ruqpomm3ara nocse OTJeeHHA arIMKOHA NOJyyeH KPHCTaJJIM- 
(eckHii 2-es0Kcucaxap, KOTOpbIi NuiaButcs mpu 109—110°. Xpomatorpaduet na 
yyMare H MO @u3HKO-XHMHYeCKHM CBOLMCTBaM 3TOT CaXap HeHTMPHUMpOBAaH C 
[-NMPHTOKCO30H. 

Cpapnenve MosekynapHEix spamennii rauxosuga-H ([M]p) = +177), 
goHormMko3HAZa ([M]p = +150,6) u araukona ([M]p = +186,7) no mpa- 
tay Klyne (?) noKasprpaer, YTO KaK JUTHTOKCO3A, TAK HM KCH/1034 CBA3AHBI B-PuH- 
SOSMJIHbIMH CBA3AMH (cM. Taw. 2). 

Ta6Oauma 2 


» 
F 
a 


JpaBHeHHe MONeKYMAPHEIX BpallleHHii MeTHAPANKONNpaHOsHAoB d-AMrHTOKCO3sbI HW d-KCHJO3bI 
. € MOJICKYIAPHEIMH BpallleHUsiMM 9THX 2Xe CaxapoB B rankosuze-V 


[M]p MeTHurimkonHpaHosHAOB Moseky. Bpaile- 
HHe CaXdpHbIx Kouourypanua 
|HawMmMenoBaHue caxapa 7 KOMTMIOHEHTOB caxapoB B 
B B rauKosuze-H rauKko3suge-H 
=: AC 
+311 +60 (3) | —36,4 B 
| 42952 67 —108,5(4) | —33,6 B 
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Takum o6pasom, rauKo3sHi-M1 npexctapser coO6oH cTpodanTugun (°) 
3-d-eruToKco30-8-d-KcH03H. Ero cTpoeHHe MOKHO BbIPa3sHTb CJlezytoulel 
HawOoee BePpOATHOH (CopMy.IOH: 


XapbKOBCKHH Hay4HO-HCCeqOBaTe/IbCKHH Tocrynnsto 
XHMHKO-bapMalleBTHYeCKHH HHCTHTYT 16 VIII 1960 ¥ 


UMTHPOBAHHAA JIMTEPATYPA ; 
1H. TI. MakcwTuna, )KOX, 28, B. 5, 1383 (1958). % W. Klyne, Biochem. 


J., 47, Ne4 (1960). 8 W. W. Zorbach, T. A. Payne, J. Am. Chem) Socysdm 
5565 (1958). *E., Fischer, Ber., 28, 1157 (1895). 


620 


Hornayge Akayemuu nayk CCCP 
1961. Tom 136, Ne 3 


XHMH fl 
H. €. HHKOJIAEB x B. ©. CYXOBEPXOB 


HOBbIE KOMIIJIEKCHbIE COERMHEHHA TEKCA®TOPH OB 
MOJIMBAEHA, BOJIB®PAMA, YPAHA C ®TOPHJAMH LE3SHA 
UW AMMOHHS 


- (IT[pedcmaeazeno axademuxom H. B. Taxanaesoim 19 IX 1960) 


O B3aHMogelcTBHH rekcapTopHyoB BowJbipama, MomHOqeHa HM ypaHa c dro- 
AaMM ULeIOUHbIX MeTaJJIOB H AMMHaKOM BilepBble coobuwu O. Pydpp c corp. 
3). Omuako asBTopbl He omHcalH oOpa3yl0ulM4xcd MpH 9TOM JBOMHbIX Co- 
[MHeCHHH, YKa3aB JIMWIb, YTO MPH B3aMMOJeHCTBHH C ra3000pa3HbIM AaMMHaKOM 
DOMCXONMT BOCCTAHOBJIeHHe ypaHa JO YeTbIpexBasleHTHOrO cocToxHua. Map- 
iH, AnbOepc, J{ycT u apyrue (**) CHHTe3HpOBasJIM PAM KOMIMJICKCHBIX coe- 
AHEHHA, OOpa3syeMbIX TreKcapropHqoM ypaHa c dTopuyaMH KaJIMA, HAaTpHA, 
yOunua, cepeOpa: KsUFs, NasUF,, AgsUFs, RbzUF,. Koxc u WUWapn (5), 
SHOBLIBAACh Ha YKa@3aHHbIX paOoTax, NOJIYYMJIM KOMIMVIeKCHbIe COeqHHeHHA, 
Spasyemble rekcapropuaamu Mo u W c we0uHbIMH dbropHaamMu oOuleH cop- 
yabt MsMoFs u M,WFs, rae M—Na, K, Rb, Cs. OcHoBHbIM npweMomM CHHTe3a 
AKUX COSNMHEHHH ObIIO MpoBeleHHe peakUMH MexKLy ras000pa3HbIMH reKca- 
TOPHZaMH MW TOpHAaMA UWLeNOUHEIX 3JIEMeHTOB TO aCcopO.HOHHOMYy Tumlly. 
aprpuse wu Ilaxox (°,!°) cooOmator, 4uTo B3aHMoselcTBHeM rekcapTopHnoB 
omMOeHa H BOJbppaMa c HowMaMu HW *TOPHAAaMH U[eIOGHbIX MeTAaJWIOB B 
acTBOpax HeHTapropuwa oka Hapayy c couamMu oOuleH dopmyvibt MoMeFs 
BLM MOUY4eHbI renrapropBopppamaTel uM rentTapropMowiMOLaTH pyOunuA 
ie3HA. OHaKO aBTOpaM, BUAHMO, He YlaslOCb BbIeHTb COJIM B YMCTOM BHIe, 
YeEM CBHICTeJIbCTBYIOT aHHble MpHBeeCHHbIX aHAaJIH3OB. 

Hactosulee cooOieHve MOCBAULeHO CHHTe3y KOMIVICKCHBIX COe.MHeHHH 
2KcapropH40B MOIHOeHa, BObppaMa Hu ypaHa Cc PropHAaMu We3HA WH aMMO- 
ua oOuleH cbopmyb MMeF?. J]ia cuHTe3a 3THX COeqHHeHHM Obl MCNOb30- 
aH IIPHHUMMMabHO HOBBIT MeTOA, OCHOBaHHbI Ha B3aMMOeHCTBHM rekca- 
Ttopuzon Mo, W u Uc dbropumamu WleIOUHbIX MeTaIIOB B paCTBOpax Tpex- 
TOpucTorO xJOpa NO MpekNoONOKUTeEIbHOH CXxXeMe: 


CIFs:2-CIF +-F7; 
n [CIF S — F] + MeFs 2 [CIF2]:MeF, , ,; 
MF + [CIF2],MeF,. ,, rad M,,MeF .1, + nClFs, 


te Me—Mo, W, U; M —tmenouHoh 93.1eMeHT. 

Papyosecue, OTHOCAULeecd K MMCCOMMALHH TpexdTopuctoro xJopa, ycTa- 
oBeHo pauHee ('!), PacrBopHMOCcTH OTJeC/IbHbIX KOMNOHCHTOB B_ TpextpTopH- 
roM xslope, OMpewemenuble Hamu pu 0°, oKasamMcb paBHbimMu: MoF, 90,1 ++ 
-0,5%; WF; 99+1%; UF, 49,13 £0,3%; CsF; 16,05 +0,4%. Haii- 
2HHOe 3HaveHHe pacTBopuMocTH TeKcapTropula ypaHa B TpexTpopucTom 
lope coBmayaeT c TeopeTHuccKH paccuHTaHHbIM m0 3akony Paya ('). Pacrso- 
amoctb (ropucroro ammonua B CIF; ompeleHTb He yyaocb No are 
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Ta6OanUWa 
TIpuMeuanue 

6enoro wBeTa 
6eoro uBeTa 
*KesITOrO WBeTa 
6enoro WBeTa 
6enoro WBeTa 
*KeNTOrO WBeTa 


BbIYHCJI. 


U, Bec. % 


HafiqjeHo 
61, 140,2 | 641,183 


Ai Ose one youl 


% 
BbINHCJT. 


W, Bec. 
0,4 | 40,886 


HafiqeHo 
55,1+0,2 | 54,908 


4A 


% 
BBIMHCJI. 
26,515 
38 , 847 


Mo, Bec. 


HaiiqeHo 
26,67+0,3 


03:/39,2 2:0),4 


% 
BBINHCUI. 


NHg,, Bec. 
HaliqeHo 


% 
36,729 


GbIGHCJI. 


Cs, Bec, 


HaliqeHo 
566 | 28,7-£0,3 | 29,546 


389 | 26,4+0,4 | 26,372 


848 


754 | 36,0+0,3 
706 


180 


a ee a 


BLIYHCJI. 


% 


“ne ew es 


F, Bec. 
HaliqeHo 
+0 
26 ,382+0 
53,450 
40,4 +0 
34,57+0 


So 
H 
S 
t 
a) 


30 


‘CoequHeHHe 


‘ 


Cs(MoF7) 
Cs(WF;) 
Cs(UF;).* 

NH4(MoF;) * 

NH,4(WF;) * 

NH,(UF;) * 


* TlomyyeHbt BiepBbie. 


6bicrporo cropaHusa con. Topenve MoxeT NpHod 
pecTH Xapaktep B3pbiBa. PacrBopuMocTH Apyru 
(@TOpHAOB IWLeOUHBIX MeTaJJIOB OKasaJIHCc 
He3HaUHTeJIbHBIMH. 

Hccsieqyemble peaKUHH IMpOBOJHJIMCb B vo 
JIOHOBbIX cocynax emxkocTbio 100 ma nyte 
CMelICHHA pearHpYyIOWlMX paCTBOPOB B KOVIMYe 
cTBax, OOecneuHBalOWHx MonyyeHve 30—40 
comm. TomoreHHbI XapakTep peaKUHi MW OTCYT 
CTBHe MOGOUHBIX MpoueccoB B paCTBOpax Tpex 
(bropucToro xsiopa (BOCCTaHOBJIeHHe, THApPO 
JIM3) JOJDKHO OblvIO OOeCHe4YHTb UYMCTOTY Mpo 
IyKTa. 

HcnouIb30BaHHble B+ padoTe rekcadropHap 
IIPHTOTOBANHCh PTOPHPOBaHHeM MeTAaJVIOB Tai 
3000pa3HbIM TpexdTopHcTbIM XxXJIOpomM. B pe 
3yJIbTaTe peaklUHi Mexny pactBopamu MoF, 
WF,, UF, 4 pacTBopom dropucToro We3HA BI 
NalasiM OCalKH, MIOXO pacTBOPHMBIe B usOBITKE 
Tpexropuctoro xsiopa. STO aBaslo BO3MOXK 
HOCTb MpOH3BOAHTb TIpOMBbIBKY 9THX OCAKOE 
TpexdbropucTbim xsopom. Ilytem Takoli MpOMBIB- 
KH C TOCJeLyIOULMM SBaKYHPOBaHHeM © CJIeNOF 
Tpex@TopucToro xsIOpa yalocb NOJYYHTb 4H- 
CTble COJIH, He CORep*KallHe HMCXOMHBIX peareH. 
TOB. 
Bauly paspymienua dTropuHcToro aMMOoHHs 
B ClFs, Qua CHHTe3a AMMOHHHHBIX Coen Obie 
IIpHMeHeHa HHaA MeTOWHKa. B  OxJlaxKeHHbIE 
CYXHM JIb.OM HA€CBILIeHHbIe paCTBOPbI rekca: 
(ropunz0B Mo, W, U B CIF; He6oubuIMMN nop: 
IMAMH BHOcMIM cyxoH NH«aF. Cnenyer 3ame- 
THTb, YTO BHeceHHe NH,F tpeG6yer oco6oki ocTo: 
POXXHOCTH, 3-34 BO3MO%KHOFO paspyllleHHs 
aMMOHHHHOK com. BpimaBiine KPHCTaJVJIbI H3- 
M@JIbYaJHCbh H NOWBeprasHcb JOMNOJHUTeIbHOF 
oOpaboTKe pacTBopoM rekcadTopuya, mnocue 
yero CJleqOBana TpexkpaTHad MpombiBKa CIF. 
HM 9BaKyHpoBaHhe Mp OxsiaxK,eHHH. Oxsaxze 
HHe€ HeOOXOZMMO WIA MpeOTBpallleHHA BoccTa 
HOBJICHHA. 

BpiesieHHble COH TO_Beprauch nonbos 
XHMHYeCKOMY aHamu3sy. CoepxkaHue drop: 
YCTaHa4BJIHBaJIOCb THTPOBAHHEM PaCTBOPOM XJIO 
pucToro aliomMHHHA. Llesui ompenemsasica Beco 
BbIM MeTOJOM B- Bue Cs[Co(NO2)6]-H,O 
aMMHaK — OTTOHKOH H3 KOHILCHTPHPOBAaHHO! 
MleJOUH C NOCeLYIOULHM THTPOBaHHeM KUHCJIO 
ToH. J\vii aHamu3a Ha MouHOleH, BOubpaM 1 
ypaH HUCNOb30BaIHCh KaK OOBEMHbIE MeTOJDbI 
TaK H BeCOBbIe; MeTAaJIJIbI OMpeeNAUCh B BUR 
OKHCJIOB HW OCaKJeHHeEM 0-OKCHXHHOJIMHOM 
PesyibTaTbhi  aHasiM30B MpecTaBJieHb! 1 
Tao. 4. 

O6pamaet Ha ceOH BHHMaHHe TOT akT 
4TO B MOJIYYCHHBIX COCIMHEHHAX peaJIM3yeTC: 
BeCbMa peKOe KOOPIHHAMHOHHOe uyucO 7 
Oro corsiacyetcs ¢ cooOpaxenuamu O’ Bpaite 


(#9), KOTOpbIli cunTaeT, TO «raOreHbI B OOWLeM (OcoGeHHO drop), no-BHAMMOMy,. 
joco6cTBYIOT OOpas0BaHHIO Coe MHEHHH C 3THM KOOPAHHAILHOHHbIM UHCJIOM>. 


Tlocrynuao 
4 VI 1960 


UATHPOBAHHAS JIMATEPATYPA 
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Jlokaayn Akagemuu nayr CCCP 
1961. Tom 136, NM 3 


A. A. MOHOMAPEHKO 


MCCJIEMOBAHHE KHYHETHKH PEAKUAHH NPAMOLPO S3SAMELIEHH 
HHTPOrPYNIfibl XJOPOM B HATPOBEH3OJIE 
HW «-XJIOPHMTPOBEH3OJIE NPH JEMCTBHW HA HX 
YETbIPEXXJIOPHCTOLO YIJIEPOA 


(IIpedcmaeaeno axademukom A. B. Tonuueeuim 2 VII 1960) 


HurpocoemuHeHua, OcoOeHHO apoMaTHyeCKHe, XOpolio M3yyeHb! (*) 4 OWI 
rowapaA CBOeH MOCTYMHOCTH LIMpOKO MIpHMeHAIOTCA B Ka¥eCTBe HCXOMHBIX Mp 
MYKTOB JWIA CHHTe3a Pa3JIMYHbIX OpraHwuecKMX CoeqMHeHHH. Mb uccmenye 
MOJYYCHHe APOMATHYECKUX TaJIOMAOMPOUSBOLHHIX M3 HUTPOCOeMMHeHHH C 
MOULbIO PeaKIMH MpAMOrO SaMelleHHA HUTPOrpyinbl ranongjom. Jaa peaKuH 
IIpAMoro 3aMelleHHA HUTPOrpyMbl XJIOPOM HAMM MIpeMoxwKeH PAN HOBbIX are 
TOB, B TOM unce H CCla (7°). UernipexxopucTbit yrsiepo cosepxKuT BbIC 


0 Sei ery 4 WE) 45 60 75 90 Mun 


Puc. 1. SaBucHMocTb cKopocTH peakuHH CCla c HuTpobex- 
300M OT Temmepatypbl. / — 250°, 2 — 260°, 3 — 270°, 
4 — 280°, 5 — 290°, 6 — 300° 


KHH IIpoWeHT xopa (92,2%) w uMeeT pA APyrux mpeuMywlecTB Nepex Hau 
6oylee 4acTO TIpHMeHsAeMbIM areHTom PCI;. 

B cBxA3H C TeM, 4YTO MpAMOe 3aMellleHHe HUTPOrpynMbl XJIOPOM C MOMOLLbIC 
CCla MoxkKeT HaliTH WIMpoKoe MpHMeHeHHe KaK B JaOopaTOpHAX, Tak H B TeX: 
HHKe, HAMM IIPOBeeHO HCCJIeqOBaHHe KMHETHKH peaKWHH HEKOTOPbIX HHUTPO- 
coenuHenHi c CCly. B KauecTBe HHTpOCOeRMHeHHH B3ATbI HHTpOOeH301 4H 
M-XJIOPHUTpOOeH3 01. 

McceseqoBaHve KMHeTHKH peakunu CCla c yKa3aHHbIMH HATpOCoeqMHeHHA: 
MH IIPOBOHOCb Ha TepMotboTometpe cucTempl A. A. TlonomapeHKo, KOTOpbI 
paHee HaMH Ha3bIBaicd TepmodpoToKosopuMetpom (°). IIpH6op qaeT BO3MOX: 
HOCTbh 3aM@€PATb WHTeHCHBHOCTS MOPrOuleHHA CBeTa 3aladtHHOH CTeKJIAHHOH 
TpyOKOH, Cowep2Kallleli peareHTbl, B BAMMOl 4YaCTH CHeKTpa B Mpollecce peak- 
ILM. 

Hamu ycrTaHoBuieHo, 4To mpH peakuuu CCla c apomaTu4ecKHMM HHTpOCcoe: 
JMHEHHAMH B Ka4eCTBE MPOMeXKYTOUHbIX HJIM KOHCUHBIX MpOAyKTOB MOsy4a- 
roTtcad NO2, NO, NOCI, COCle, CO, CO:, H20, apomatuyeckue xopconepxa: 
kHe COeMHeHHA HM HeKOTOpble Apyrue BetlectBa. IIpu peakuuu CCl c HUTpO- 
OeH30JIOM TosyueH xJop6eH301 c BbIxoqoM 82% oT TeopeTHYecKOrO H HeMHOT« 
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aopOensoula. m-J,uxnopOeH301 NomyyYeH W3 M-XMOPHUTPOGeH30Na C BBIXO- 
mM 92% oT TeopeTHyeckoro. 
3 scex mpuBeeHHbIx BelllecTB oKpacky umeeT NOz u NOCI. Ilepsoe co- 
yanenue TMOuy4aeTcA B CaMOM Ha¥ayie Mpolecca, mocmweqHee — B KOHUE ero. 
CaKIMA 3aMeieHHA HHTPOrpyiibl XJIOPOM MpoTeKaeT C MOABMeHHeM, HaKon- 
@eHHeM HM yMeHbIIIeHHeM cofepxanua NOz B TpyOKe B Mpolecce peakunu. 

Peakuua CCla c C5H;NOz. CoequHeHua B3ATHI B peaKIHIO H3 pacueta 
0337 r CsH;NOz 4 0,0840 r CCla (1 : 2) wa 1 Ma emKoctTu Tpy6Ku (v ~ 6,2 a). 
alaiHHble TpyOKM BKJaIbIBaIHCb B TepMOPOTOMeTP, OTPeryJHpPOBaHHbIi Ha 
ykHyto Temnepatypy. Ha puc. | nan rpabuk 3a- 
ACHMOCTH CKOpOCTH peaKIWHH OT TeMMepaTypH, 


= 
& 
x= 


KasbIBaloulu, 4TO mpH 250° (KpuBaa /) peaK- {150 

HA C OOpasoBaHHeM [BYOKHCH a30Ta HayHHaerca 3% 

a 17-% mun. Ilormomenue cpeta (J, %) HOBOIbHO 8 gg 

SICTPO YBeNIMUMBaeTCH, MOCTHrad CBOerO MaKCH- = 

aJIbHOrO 3HaYeHHA Ha 30-H MHH. Sate, Ha mporsa- S 

Hu 15 muu., / ocraercd mpakTuyecKH MOCTOAH- = 50 

BIM, MOcIe 4yero B TedeHHe 38 MMH. MpoucxoMMT § 

elJIeHHOe MOHWKeHHe ero 3Ha4yeHHa. Ha 87-H# & : 
uu. J WocTuraer cBoero MuHMMyMa. IIpu 9sTom, ~ 0 5 10 % 


aK MOKa3aM CMelMabHO MOCTaBJICHHbIe OMBITHI, Janonnenue mpyoru 

CAaKIHA TIpeBpalleHHA HHTPOCOCAMHEHHA B XJIO- pye.72, 3anucumocrs nposor- 

OcoeIMHeEHHe TpaKTHYeCKH 3aKaHYHBAeTCA. C  oxXxuTenbHOCTH peakuun CCla c 

OMeCHTAa BbIfeneHua NOz H 0 OKOHYaHHA peakIMH HuTpobexsonom oT mpoweHta 

ie 70 mun. IIpu temmepatype 260, 270, 280, 2a707HeHHa emKocTH TpyOKH 
° pearentamu. PeakuHA [mpoBo- 

3) wu 300° peakuMa HauHHaeTCH  paHbille — Co- musace npn 290° 

TBETCTBeEHHO yepe3 12, 10, 8, 6, 5 MuH. HW 3aKaH- 

aBaeTcaA ObicTpee — uepes 40, 27, 17, 11,7 muu. 

[aijeHHble 3HaYeHHA TeMMepaTypHoro Koappunventa peakunH (250—300°) 

oeOauch B Mpesenax 1,48—1,75. IIpu noppuueHuu Temnepatypbl oT 250 

0 300° ckopocTb peakuuH yBemuuuach B 10 pas. 

_ ina peakuuu HuTpo6eH30u1a c CCl4 Obiia BBIYMCIeHa SHEPrHA aKkTHBAaLMy, 

CxOMAd M3 ypaBHeHua Appenuyca (°,°): 

| ‘gj ie Ca ue =a ; 

' ke RI Te Ty 

3aMeHAA B 9TOM ypaBHeHUH k,/ke Ha f2/t;, re ty u te BpemMa, HeOOxo,uMoe 
Aa Noctuxenun 40% nordjolweHHa cBeTa TpyOKaMM (BpeMA OTCUHTHIBAJIOCb 
auHHaxd OT MOMeHTAa yBeJIMYeHHA 3Ha¥eHUA / M AO MOCTHKeEHHA HyKHOFO Mpo- 
€HTa MOriouleHua CBeTa TpyOKOM B KOHWe Mpolecca 3amMellleHuA) MpH Temme- 
atype 270 u 280°, nomyuaem OpyTTo-3HeprHvio aKTHBAaLMH C/IOKHOK peakUHH, 
poteKatolleli Mexy HUTpoGeH30sI0M u CCla, papuylo 34,5 KKas/MOVUIb. 
| 3aBHCHMOCTb CKOpOocTH peakuMH HuTpoGeH30Na ¢c CCla or mpouenta 3a- 
OJIHCHUA EMKOCTH TpYOKM pearupylollMMH BellleCTBAMA BULHA M3 pHc. 2. 
[pu 3anoHeHun TpyOoK HUTpOGeH30/I0M u CCla (1 : 2) Ha 2; 4; 6; 8; 10% ux 
MKOCTH JWIHTeIbHOCTh peakUMM nocseqoBaTebHO cocTaBiaet 157, 33, 14, 
0 u 7 mun. Yeenuuenue npoleHta 3anosHeHua eMKOCTH TpyOKH c 2 no 10 
BISbIBAeT YCKOpeHHe peakilMu B 22,4 pasa. OTH LaHHble NOKASbIBa!OT OOJIbILy10 
@BHCHMOCTb CKOPOCTH peaKI[MH M3y4aeMbIX COeMHeEHHH OT aBJIeHHs. 

Ucxola M3 KOJIMYECTBA B3ATHIX B PeAKILHIO KOMMOHEHTOB ObIIO NOMCYHTAHO 
[PUMepHoe aBsienue B TpyOKax K MOMeHTY Havasa BbIfeneHuA NOz cucTemoii. 
laiijeHo, uTO Mpu 3anoHeHUM TpyOKH pearupylouluMH BemlecTBaMu Ha 2% 
IX EMKOCTH, JaBuleHHe cocTaBuT oKovio 12 ar. [Ipu 3anomHenun Ha 4 u 6% jas- 
leHve OyeT oKoNo 18 u 23 ar. 

Peakwua CCla c m-CeHaClINOz. Coequnenua Opamucb B peaKkILHio M3 
acueta 0,0430 r -xnopHuTpobex30na u 0,0840 r CCla (1 : 2) Ha 1 Ma emxKocTu 
pyOku. Peaxuua mpoposusach mpu Temmepatype 260, 270 u 280°. TIpoxom«n- 
€JIbHOCTb PeaKIMH Ip yKa3aHHbIxX TeMMepaTypax OKa3aslaCb paBHOH COOTBET- 
TBCHHO 52, 30 u 22 Mun. TemnepatypHblit KOSPULMeHT peakIHH JIA HHTepBa- 
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gla Temnepatyppt 260—270° u 270—280° pasen 1,73 u 1,36. bpytro-sHepr 
aKTHBalMH paBHa 23,5 KKaJl/MOJIb. 

Peakuua HUTpOSeH30sa, M- M N-XMOpHUTpOSeH30Na c CCla mpoTekaeT aH 
jormuHo. Jia pacuimppoBaHia MeXaHW3Ma peaKIMM MepBbIX BYX COeIHH 
Huli c CCla npvBewem JlaHHble, NosyyeHHble pH usyyeHHu peakitun NOCI 
COCle c n-x0pHuTpobex30uIom, a TakxKe NOz c CCla. 

Peakwuua CCla c NOz. B tpy6xy emxoctnt1o 6,8 ma nomemeHo 0,059 
NOe u 0,2652 r CCla. Iipu narpepanuu TpyOKu Ha TepModoTomeTpe B TeyeH 
276 mun. pu Temmepatype oT 14 yo 290° Ha6mopasocb ceqyromlee A3MeHeH 
MOrIOUeHHA CBeTa: 

v, MHH. @ 4s 30 40 60 70 90 440 430 4150 4180 200, sae7i 


ts 14 254 138 186) 2462 Oe 02 oO 29 O28 O20 Ome meme 
I, % 0 33 84 85 85 “Sao 815 75 “64 045502 See 


B tpyOxe HalijleHbt docreH, xJopucrsii HuTpo3sun, xsop. Ilporexaroury® 
PeaKI[HIO MOXKHO 3allHcaTb CueAyYIOULMM ypaBHeHHem: 
w2CCI e+ 2NO2 — 2COCl2 + 2NOCI + Cle. 


NO,, sBuIAacb pajuKasiom (1°), IpH TemilepaType Bbille 250°, oveBHAHG 
6yner pearupoBaTb c CCl, 10 payukKasbHOMy MexaHH3My: 


NO; CCl CCl NO. ecir 
CACIanGie 
CCla — NOs > COCK =e NOCI(@) 


WJ 
NOz + CCla — CCl3 + NO:Cl, 


CCl; +E NOs CCl==NOw 
CClei= NO}; = COG, =e NOC @ 
NOG NOs cr, 

Ci -ecie om 


Peakuwusn COC] c n-C,H,CINO,. B tpy6xy emxocTbio 9,1 ma TloMe 
manocb 0,110 r n-C,H,CINO, u 0,160 r COCI, 


T, MHH. 0 44 42 a) 48 50 53 50 64 68 80 
v6 46 245 248 225 2384 238 245 250 266 273 290 
Mes 0 0 1 3 12 24 40 46 28 18 25 


V3 mpo_ykTa peakUHH BbiseseH n--uxmop6eH301 c BbIxofom 87% oO 
TeopeTuyeckoro. B ra3ax Haligenbt COC],, CO,, NOCI. 
@ocreH ABsAeTCH HCTOUHHKOM MOJIEKYAAPHOFO H, B HEKOTOPHIX YCJIOBUAX| 
BO3MO%KHO, aTOMapHoro xsiopa ("). YuHTbIBad 9STY peaKUHIO, IpoTeKaloulyK 
ip Temnepatype Bowe 220°, MoxHO 3alHCcaTb: 


COC 2 CCO + Cis a, CO-4CI, 2ICO + 2Cl, 
Cl MCL ae Glee 
ll + n-CgHgCINO, =f n-CgH4Cle + NO,, 
NOz => Cle Lae NO,C] + Gr 
2NO2CIl > 2NO, 2 Claaanua NOsCl= NOr- Gl, 
CO-+ NO» =!CO;== NO, 
ENO +{Cl +,NOCI. 


Peakwusa NOC! c n-CeHsaCINOz. Il]pu narpepanuu n-xm0pHuTpoden-} 
soa ¢ NOCI, B3aTbIM B u36bITKe, UpH 205° MorjouleHue cBeTa TpyOKOH mpu ee| 
HarpeBaHHu B TeyeHHe 0; 2; 5; 7; 10; 15; 20; 25; 30 u 35 mun. coctaBuno 0; 13;) 
25; 35; 42; 48; 51; 55; 54; 55%. Tlocme oxmaxkqeHud B TpyOke CKOHJeHCupo- 
Balacb TCMHad XXHIKOCTb C CHHEBATbIM OTTeHKOM. B mpofyktTe peakIHM Halizen| 
n-Tuxmop6eu301, NO, NOz u NOC. 


JaTbCxH C OOpasoBanuem NO u aToMapHoro xslopa, cocoOHoro HauaTb WenHor 
mipouecc. B Takom ciyyae peaKkuMio Mexkiy NOC] u_ n-xiepHuTpobeH30.I0M 
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poTekatouly10 Bblitie 200°, MoxHO MpeycTaBHTb Kak WemHyl0: 
2NOCI — 2NO + Cle a NOCI > NO + Cl, 
Cl + n-CeHaCINOz > n-CsHaCle --NOz, 
NO, Cla SeNOLCL Ch 
2NO,Cl -> 2NO; + Cla, 
NO.Cl-—NO,-Ch 
~Mexauu3m peakuun CClac CeH;NOz. Houuxnopankanp, yanpu- 
ep, CCla pearupyroT c amudatuuecKHMu yrvieBokopoyaMu MO paluKaJIbHOMy 
lexaHu3my yxe mpu 130—140° (11). YuutprBaa BbICOKyIO TemilepaTypy, pu 
OTOPOl MpoTeKaeT peakuuA Mey CCla w apoMaTH4yecKHMH HHTpOcoeyMHeHUA- 
[(, a TaKKE XapaKkTep BeleCTB, MOJY4AIOWMXCA B KayeCTBE IIPOMeXYTOUHBIX 
POLYKTOB, CulelyeT nomaraTb, YTO peakUMA MeKAY yKasaHHbIMH CoelHHeHUA- 
iM MpoTeKaeT MO WelHOMy MeXaHH3My: 
apormeHHe IWenH: 
q CCl, = CCI) C1 (4); 
A3BHTHE IlelH: 
| \ \ CeHs a= NO, —E Cl = CgH5Cl + NO, 
NO: + CCl, — CCls — NO2 + Cl, 
CCls — NO2 > COC], + NOC! (7), 
q NOCI > NO + Cl (2°), 
COC], = CO + Clz u COC!, + CO-+ 2Cl (#), 

Cige MM Cl Che MG 
_ OGpsis Wenv MoxwKeT NPOMSOHTH 3a CUeT peKOMOMHALLMH PaMKasIOB M aTOMOB, 
_TakxKe JipyrHM IlyTem. 
- Viccneqopanve KMHeETHKM peak apoMaTHueCKHX HHTpOcoeqMHeHHH C GCs 
OKa3asl0, UTO 3TA PeaKUMA ABJIACTCA CJIOMKHOH, Pe OMHOBPeMeCHHO MpoTeKaerT 
AJL MOCELOBATeIbHLIX HM MapasWiebHbIX peakuHi. B ciyyae HuTpobeHsoNa 
povyjecc MOXHO MpescTaBHTb CueLyloulel OOuleH CxeMmol: 


\ 


f co+Cl COCI+Cl NO, + Cl 


} | 


CO + Cl,+—— COCI, + Cl, NO,CI+C! 


‘ +NO ‘ 
pe 4 ey NO,Cl + CCl; —* CCI,NO; 
1g 
+CICCly— CCI3+C1). eI OT c 
CsH,NO, s — NO, NO === NOCI 
preci. | 
+NO, , 
“CHCl CgH,Cl CCI,;NO,+ Cl (Gy NO+CI, 


: rar +CI | frccn 


cl 
CyHiClh HNO, CgHiCh~——-C,H.Cl NOCI+COCI,  COCl+Ch 


+HCl CL 
; +NO, 
H,O +NO+ NO, +0 CO CO,+ NO 
| ode NO fro, 
: CO 
COCI» + HCI H,O +Ch 2 
JIbBOBCKHM TOpProBO-9KOHOMHYeCKHH Tloctynuao 
HHCTHTYT 2 VII 1960 
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Usnen-Koppecnonzent AH CCCP Fr. A. PASYBAEB, JI. M. TEPMAH u IL. fF. METYXOB) 


MCCJIENOBAHWE MEXAHH3MA TEPMMYECKOLO PASJIOKEHHA 
MEPKAPBOHATOB B PACTBOPE 


B naureli padote (1) no pacnaly 1HOeH3HJI- M MUNK IOreKcuJINepKapOoHaTorE 
B Pa3/IMYHbIX PpaCTBOPHTe/AX OblIO HaliqeHo, YTO RO-paguKaubl, nonyuaroulue 
CA B pe3yJIbT:Te MepeKucH 


Oe O 


ae I 
WK WIO-CgH;,;0COOCOCg Hy => 2CgH,,OCO* —> 2CgHy10° + 2COz (4 


Vea SC REE Brgy Scan: Davai ac? wl a ponigua 


Puc. 1. Pasnoxenve JHUMKIoreKcHInepKap- 

6onata Co= 0,1 monsa/a. 1 —B CCla, t= 

=50°; 2—s CoHe, t = 50°; 3 — B CoHe, 
t= 60°. a — 6e3 AGI; 6 —c AOL 


Pue. 2. Pasnomenne THUMKNoreKcua- 
mepkap6oHata B u30-C3sH;OH. Co= 
=0,06 moms/n, T= 25°; 1—6e3 LONI; 
2—c JOM; 3 — WONT no6bapnen 


uepe3 15 MHH. mocile Ha4yana pasno- 
*KeHHA 


B H@KOTOPbIX PaCTBOPHTeIAX, TaKHX KaK OeH30, CCla, yKcycHaa KucsoTa! 
JLUCIIPONOPUMOHUpYioT | 


2-nuK0-CsH,0° > nuKn0-CsH,,OH + nuxao-CgH,,0, (2) 


M PacTBOpUTesb He MPHHUMaeT yUaCTHA B peakUMAX paquKasoB. BecbMa Bepo! 
ATHO, 4YTO Mpomecc (2) NpoxOAUT B KJIeTKe pacTBopuTesa. B cnuptax MbI HaGuIKO 
ad ydacTHe pacTBOpHTeA, KOTOPHIH, OTAaBad BoZOpox RO--panuKamam, me} 
pexoqH1I B aJIbyerHy WIM KeTOH. 

B nactosimel pa6ote ucceqoBasicaA MexaHu3M B3aMMogelictBua RO--panu 
KaJIOB C paCTBOPHTe/IeM C MOMOUIbIO PUKCaTOpa palukasoB a,a-Luenua-B-nuK 
purrugpasuna (JPM), a Take MCMONb30BaHHeM MeTOJa MeYeHEIX ATOMOB, 


C 
Ha pue. | uw 2, B KoopyquHaTax In — t, rye C, — nayanbHad KOHUeHTpalus 
mepKkapOouata B pacTsope, a C — xonnenTpallua ero Ko Bpemenu ¢, mpencTaB 
628 | 
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! 


feHa CKOPOCTh pa3JIOKeHHA MHUMKOreKcHsMepCcuyuKapOoHaTa B YeTHIpex- 
JOpHCTOM yruiepoze uM Gensoue (0,1 Moss/a) H us0MponuoBom cnupte (0,06 
moua/j). Kak BAtHO 43 puc.1 uv 2, noOaBKu JIOTIT copepmenuo ne BuINAIOT HE 
KOPOCTb Pa3JIOKeHHA B YETbIPEXXJIOPUCTOM yrviepoze H GeH30JIe, YTO yKasbi- 
aeT Ha OTCYTCTBHe HHMIMMPOBaHHOrO pa3JOKeHHA NepKkapOouata B STUX pac- 
BOPHTeAX, TOrMa Kak IPH paciaye B M30NponuJIOBOM cnupTe FobaBKu JI@IIT 
OJIHOCTbIO 3ATOPMAKHBAIOT Mporiecc. 

Jl Goslee MofpoOHoro H3yYeHHA MeXaHH3Ma pa3sJIO*KeHHA TMepKapOoHaTOB 
CMMpTax, KOTOpoe lpoTeKaeT no OOuleMy ypaBHeHHIO 


O O 


4 


. 0 A 
ROC OOC OR-+ R’OH = 2ROH + 2CO,-+ R’O (keton ua aapgerng), 


MCCJIeqOBasiacb cucTemMa, B KOTOpOoH R = R’. Han6omee yRoOOHbIM OKa3am0cE 
pumenenue R = R* = wa0-CsH7. Mpi\BBosMau MeTKy Cl Kak B M30NponMb- 
HBI payiMKaJl Nepekucu, Tak M cnupTa. AUeTOH, BbINeJICHHbI U3 peaKIMOHHOLi 
SMeCH TPH pa3yioxwKeHvH MeyeHHOro C!* yun30NponusnepKkapOoHaTa B HeaKTHB- 
HOM H30MPOMHJIOBOM CIIMpTe, OKa3aJICAH COBEPWIeHHO HeaKTHBHBIM. 

’ TIpu npoperenuu sToH xe peak C HeakKTMBHOM MepeKHCbIO B Me@4eHHOM 
cH CMMpTe AKTHBHOCTb alleTOHa COOTBeETCTBOBasa, cnupTy (Ta6s. 1). 


Pa3m0x%Kenve AMMZ0NponnanepKapOouata B H30MpONHJIOBOM CrvptTe 


TaOauna 1 
| Cy =0,2—0,4 mona/a; ¢t = 50—60° 
: 


AKTHBHOCTb 2,4-2HHH- 


; 

. 

y AKTHBHOCTh B HMM/MUH * Tpoennsrng~Apasona AKTHBHOCTb H30MpOmHJOBoro 

4 Aeron cnupTa, BbIqeIeH, Moce peakuuH 

; AUMSONPOMH- | 30mponnsoBo- »| B % K Wc- «| C yueToM |B % K He- 

: aes | TO rnupra ** > HMU/MHH xogu, |B4MM/MHH */nas6apnen.| xogu. 

) onata 

HeaxTusunlit 48 300 43 920 | 94,2 | a | — — 

HeakTuBHHlt 4170 1.6 1890 74 000 102,5 ~ 
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* PamuomMeTpHuecKHH aHanH3 UpOMSBOAHIcCA Ha CueTUHKe BHYTPeHHero HanoHeHHA, 
Owu6ka H3sMepeHHA + 3%. 
4 ** TlepeKUCb H CHUpPT ObIIH B3ATbI MCYCHHbIMH NO BTOPHYHOMY C. 


_ Ha ocHopaHun Mosy4eHHbIX JaHHbIX MOKHO CevaTb BbIBOA, YTO W30-Cs3H7O - 


DalHKaI, OOpasyiolmiica 3 MepeKucw Mo ypaBHeHuio (1), MepexoguT WemHKOM 
B CIMPT 3a C¥eT OTPbIBa BOLOPOa pacTBopuTesA 
: CHO’ ++ CHsCHOHCH3 — CHgCHOHCH, + CHjCOHCH3.< (3) 


roe 
CHs 


Ha ocHoBaHHu pa6ot Xapauta (7) H3BeCcTHO, 4YTO CBOOOAHBIe paluKaJIbl OTPbI- 
BaloT BOLOpon C — H-rpynnbl u3onpomusioporo ciupTa MW OOpa3syeTcA HOBbIIi 
cHUPTOBbIM palHKas, KOTOPbIli B HallleM CJlyyae H3OMepeH payuKasy, Noswyuaro- 
IeMyCA H3 MepeKHcH. 

_ CaenyeT mpesiionowkaTb, 4YTO STOT paluKayl M MHMIMMpyeT pacnal mepe- 
KHCH: 


, 


oO 
: ae , 
130-CgH;OCOOCOC3H, 4+ CHsxCOHCHs > CHsCOCHs+-2CO» +-u30-CsH7OH + (CHg)2CHO™. (4) 


| Takum o6pa30M OObxACHHeTCA, YTO alleTOH OOpasyeTCA TOMbKO M3 Ciupta- 
pacTBopuTeA. (BBY MaJOM KOHIeHTpallM NepeKHCH B pacTBOpe MOX*KHO Mpe- 
eOpeub TEM KOJIMYECTBOM CNHpTa, KOTOpoe OOpasyeTcaA H3 NepeKHCH WH MOAEeT 
B3aTeEM YUACTBOBATb B PeaKIMMAX C pawuKalaMu. K KOHILy pasioxwKeHHA KouMUe- 
CTBO ero OyyleT cocTaBATb BCero 5 r/J.) 
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MoxHo MpesnouI0oxKUuTb, ITO KpoMe ypaBHeHus (4) alleToH Mor OOpasoBaTECA 
3a C¥ueT peaKIMH JHCNpONOpUMOHMpOBaHHA CNMpTOBOTO palHkawa: | 


2CH, COHCH3; — CHsCHOHCHs -+ CHgCOCHs. (9) 


Sra peakKUMA OObIMHO MpHHATA JIA OObACHEHHA OOPasOBaHHA alleTOHAa pH peak 
IMM paluKaJIbHOrO TerHpHpOBaHuA M30MponHsoBorO cnupTa (7). Uro6br pe 
IUHTb, JCHCTBUTeIEHO JIM HM€e€T MeCTO TaKaA PeaKUHA, Mbl HCMOMb3OBaIM B Ka 
YeCTBE PACTBOPHTeIA MPH pasOKeHHH DMM3ONponusNepKapOoHaTa M30NponH- 
JIOBbIMT CIMpT, WeliTepUpOBaHHEIM B THAPOKCHJe, KOTOPbIM MOJMKeH Obi Wath! 
m0 ypaBHenuto (5) auetroH xu CHsCDODCHs. 

CnupT, OTMBITHI OT LeHTepHA THAPOKCHIa, MO HSOTONHOMY aHaJI3y UH U.-K. 
CneKTpy colepxKanHua Jlelitepua He moKa3san. Ham HaOo0qeHuA HaXxOZATCA B 
coriacHH C HeJaBHO MOABMBINeHCA 
padotoh (°), B KOTOPOH HCIOVIb30-| 
BaJICA ONTHYCCKH AKTHBHDIH BTOpHY- 
Vnunuvpopanve peakiun mMexgy CCl 4 u30- pyri OyTHOBBIi CHUpT mp coTomH3e 
C3H;OH mpu 60° (8 mMonax BbIfemMBIeroca Gane im 4 

HCl Ha 4) stone wagvo mepexuen) exzodenoua. Ilo coxpanenmto ontH-| 
yeCKOHW AKTHBHOCTH CMMpTa pactTBo-| 


Ta6nmuna 2 


Kouueutpal. mepeku- PHTeA MOKA3aHO OTCYTCTBHE peak-| 
gets WMH AucnponopyHoHupoBanHnsa (5). 

0,04 | 0,02| 0,01 | 0,005 Takum oOpa30M peakUMa 2Hu30- 

nponwinepKapOouaTa B M30NponH-| 

Hepernce Cemeine _ |5,27/5,65| 13,65  2OBOM cnupTe Moxer ObITbh MpecTaB- 

Tu6ensuinepKkap6ounat | — |19,7/39,4) 66,0 JieHa MOCIEAOBATebHO peakIMAMH 
vu siorekcuamepKap- (1) (S) ahs 

OouaT 12,0/41 0/64, 5} 112 Ha ocHOBaHHH MOJIyYeHHbIX [aH-| 


HbIX MO?KHO ObIJIO OPKHLaTb, YTO Mep-| 

KapOOHAT OKaxKeETCA AKTHBHBIM MHUIMaTOpOM ONMCaHHOH paHee peaKuMH CCla| 
co cnuptamu (4). JlaHHbie no 3TOH peakWwHu CBeeHbI B TaOy. 2. 
IIpu npHMeHeHHH NepekucH OeH30MIa MW APyrHx alMaJIbHbIX NepeKHcen MIA] 
MHAUMMpOBaHHA STOTO Tpollecca OCTaBaJlOCb HeACHbIM, KaK HavMHaeTCA 9Ta 
peakuua: 3a cueT CCls-paqukasa, oOpasylouleroca Mp B3aHMOJeHCTBHM payH- 


KaJIOB Tlepekucu c CCla, uu 3a cyeT CHsCOHCHs-panuxasos, o6pa3ylolluxca 
pH BsavmMogelcTBuH c w30-CsH,OH. 
Ha mpumepe mepkap6ouata M0Ka3aHO, YTO MepBHUHBIM MpOLWeccoM ABJIAeTCA 
peaKWHA palMKaJoB, OOpa3sy!lollHxcA moO ypaBHeHHio (1), co CnHpToOM. 
Tak kak RO--panuKaupl, B oTMUNMe OT R:-paquKasos, c CCla He B3auMozel-| 


CTBYIOT, BbIXOJ, AKTHBHBIX CHsCOHCHs-pagukasioB Ha MOJIb NepeKHCH Oyj7eT 
3HAUHTeEJIEHO BbILWIe B Cyyae HHHUMApOBaHHA NMepkapOoHaTaMu. 


Tlocrynuano 
29 IX 1960 
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‘reH-Koppecnonyent AH cccP O. A. PEYTOB, B. H. COKOJIOB u HW. Wi. BEJIELLKASA 


9JIEKTPO@H JIbHOE 3AMELEHHE Y HACbILEHHOrO ATOMA 
YIJIEPOJIA 


 BJIASAHHE: CPEJbI HA MEXAHK3M MPOTEKAHHA PEAKUWMH H30TONHOLrO 
MEH A 3THJIOBOrO 3PUPA a-BPOMMEPK YP®EHHJIYKCYCHOHM KUCJIOTbI 
C BPOMHOM PTYTbIO, MEYEHHOM Hg? 


> Kak H3BeCTHO, Cpea ABJIACTCA OJHHM H3 OCHOBHBIX (akTOPOB, ONpelesmsto- 
Hx CKOPOCTh H Me€XaHH3M NpoTeKaHua mpoueccon. M3meHeuve cpesbl MOXKeT 
YMBECTH K H3MCHCHHIO CKOPOCTH peaKIHH HIM YaCTHYHOMY H3Me€HEHHIO Mexa- 
i3Ma, KOTOPOe BeyeT K YCJIOKHEHHIO KHHETHKH (CMelWWaHHbIN KHHETHYeCKHH 
PANOK). SHAUHTebHO perxke yaeTCA H3Me€HeEHHEM CBOMCTB CpefbI MOMHOCTHIO 
IMCHHTb M€XaHH3M Mpouecca. Ha3panHHble Ccyyan MOCTATOUHO MOApPOOHO U3y- 
HbI Ha TIpWMepe peaKUHH HyKJeousbHOrO 3aMelleHHA y HAaCbIIIeHHOrO 
oma yrlepoya. B mocmeqHve rogbl HavalOCb HHTeHCHBHOe HccleqOBaHHe 
AKU SJeKTPOMUbHOrO 3aMelleHHA, OMHAKO CHCTeMaTHMYeCKOrO H3y4ueHHA 
[MAHA TIPHPOLbI pacTBOpHTeIA Ha MeXaHH3M peak aneKTpodUsbHOrO 
IMeLILeHHA Y HACbILIeEHHOTO aTOMa yrslepoga JO CHX Op He MpoBoyusnocn. He- 
yTOpOe HCKOUeHHe COCcTaBsAeT Cepun padoTt Kpama ('~*), rae H3y4eHO BIHA- 
i@ paCTBOPHTeIA Ha CTepeOXHMHYeCKHH (HO He KHHETHUeCKHH) pe3yJIbTAaT 
TEPOJIMTHYECKOTO Pa3pbIBa CBAZH yrviepOl — yrulepog. 
B wactosme padoTre BrepBble cooOujaeTcA 06 H3MeHEHHH KHHETHYeCKOFO 
PANKA WM MeXAaHH3MA PeaKIMH IIeKTPOHJIbHOrO 3aMeLeHHA Yy HaCHILILeH- 
FO aTOMA yrslepoya c H3MeHeHHeM pacTBopHTeisA. B KayecTBe OObeKTAa HCCuIe- 
BAHHA Oblia BLIGpaHa peakIHA M3OTOMHOTO OOMeHa STHNOBOTO S*pupa a- 
JOMMEPKypPeHUJIYKCyYCHOH KHCJIOTEI C OpOMHOH pTyTbIO, MeyeHHOH Hg?°?: 


| R,R2RsC — HgBr ++ HeBrs 2 2RiReR3Cf 5 —tHeBrfEt+ HgBrs 
' (Ri == Cols; Ro = Hi: Rs = COOC2Hs) 


WHeETHKAa peaKUMM CHATAa B MMpHANHe u 70% BOHOM ANOKCaHe*. IloKasaxHo, 
TO B NMpHAMHe peakUMA HMeeT CyYMMAPHBIM BTOPOH MOpANOK (NepBbI MO Kax- 
OMY H3 KOMIMOHEHTOB) 


K, = 6,60-107? n/monmb-cek mpu 60°. 
lapameTpbI ypapHenun Appennyca: E = 16,3 xkxan/Moub, lg A = 9,5. Ou- 


Rhos 


ONKA AaKTHBALMH AS = —15,5 aHTp. eg. mpu 60°. 
| 9,5 16300 
Ke 10 exp(——7-). 


_ Mb noaraem, YTO peakIHA MpOTeKaeT MeXxKAy MOJeKyaMu pTyTHOOprann- 
eCKOrO COeEHHEHHA H OPOMHOM PTYTH yepes PeaKUMOHHHI KOMIMIeKC C OHO- 
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BPeMEHHOH HYKMCOPHIbHOH COJIbBAaTAallMeH NMMPHAHHOM yXOfslMero aToMa pryt 
YTO 3HAYHTEIbHO OONeruaeT MpOTeKaHMe Mponecca. BepoaTuHo, B peakIHH Mp 
HUMaeT yuacTHe NMpHAMHOBbIM KOMMIeKc OpomHOH pTyTH C;H;N- ‘-HgBre. 
IIpu usyyenuu u30TOMHOrO O6MeHa B 70% BOJHOM juoKcaHe HaliqeHo, q 
peakuuA uMeeT OOULHH NepBLIH NOpAZOK: MepBI NO pTyTHOOpranMyecKkoN OC 
H HysleBoH NO OpOMHOM pTYTH. 


Ky, = 5,58: 104 cox sip 60" 


Ilapametpbi ypasnenua Appennyca: E = 26,7 xxan/moup, lg A = 14,3. Oy 
Tponmua akTHBannu AS = +4,6 suTp. eg. mupHu 60°. | 

KunerTuyeckui MepBbili NOpANOK MpH 9NeKTPOHJIbHOM H3OTOMHOM ome 
Ha6o0faeTCA BMeEpBbIe. OTOT pe3sybTAT MOXKET ObITb OObACHEH TeM, 4TO Ha 
6ouee MeWWICHHOH CTayueH mpouecca, onpexensiouleH ero CKOPOCTb B Weslo 
ABJACTCA CTaHA WOHH3AILMM PTyTHOOpraHHMyecKoro coemMHeHHA*. Ilo Bce 
BePpOATHOCTH, TaKaH HOHH3aNHA MpOHCXOZHT c OOpa3s0BaHHeM BHYTPeHHE 
HOHHOH Mapp **. 


3) 2 
R,R2R3sC — HgBr @ R,R2RsC: HgBr, 


KOTOpad BO BTOPOH, ObICTpoH cTa HH OOMeHHBaeTCA C OPOMHOM PTYyTbIO. 


(S) Ka) @ iS) @* 
RiReRsC: HgBr-+ HgBre@ RiReRsC: HgBr-+ HgBrze. 


TakuM O6pa30M, H3Me€He€HHe paCTBOPHTeJIA, MO-BHMMOMY, IIpHBeJIO K Hay 
MCHEHHIO MeXaHH3Ma peakUHH. HackOmbKO HAM M3BeCTHO, JO CHX Mop He ony 
JIMKOBaHO Cuy"aeB KHHeETHYeCKOTO NOATBepxKTeHHA MexaHH3Ma Sel. 


PHIJHHE HW BOAHOM JHOKCaHe, NOKA3bIBaeT, YTO PeaKIHA B NMPHAMHeE 3HaUMTeHy 
HO O6yleruaeTCHA; STO TIperKe BCerO BbIParKaeTCA B PE3KOM YMCHbIVEHHH 9HEpry| 
aKTHBalluH. OTMeTHM, YTO RO6aBKH MHPHAHHA CHJIbHO YCKOPAIOT peaKIHO OG 
MeHa B MMeTHIPOpMamugye. He ucksIOUeHa BO3MOXKHOCTb, 4TO BapbupoBaHke} 
cpebl yacTcA CO3qaTb YCMOBUA, MPH KOTOPbIX MOXKHO OyJeT HaOMO,aTb Ti 
CTeMeHHbIM CBU KHHETHKM OT NepBoro NMOpAAKa KO BTOPOMy. 

Jia cayuad H30TOMHOTO OOMeHa B BOAHOM JHOKCaHe, KHHETHKAa KOTOPOr 
MOJYHHAeCTCA MepBOMy MOpAAKYy, HaMH OblIO H3y4eHO BJHAHMe CTpyKTyp 
HbIX (PaKTOPOB HA CKOPOCTh PpeaKIHH Ha IIPMMepe STHJIOBLIX SPHPOB Pa3JIMGHbI) 
a-OPOMMepKYyPapHJyKCYCHBIX KUCJOT | 


KD-FHc00cat + HgBry == HgBr, + K_>-cr-cooc, 
x * 


HgBr HgBr 


rye X=n-F, n-Cl, n-Br, n-J, n-CHs, n-Tpet.-C,Hy, o-CH;. Ilo pauanuio na cko 
POCTh peaKIUMH 3aMeCTHTeIM paCcnosaratorcs BCHeyIOMHH payq*** (BnOpayKe 
3aMejVJIeHHs): 


X n-J, Br, Cl>>n-F>>H>>0-CHs>n-CH3>nC,Hy 
Tlepuox nonyo6b- 
MeHa (MHR.) 340 5900 620 1500 2000~ 3000 


4TO CorsacyeTca Cc MpeycTaBsieHHeM O MexaHHaMme Sel. 

JlelicTBuTebHO, aJIKMIbHbIe 3aMeCTHTeIH (He3aBHCHMO, B TlepBOM lIpHOH- 
*KCHHH, Mapa- WIM OPTO-), MOMaBaA BJIEKTPOHbI, JOJWKHbI YBEJIMYHMBATb 3/IeKTPOH}) 
Hy!0 IlJIOTHOCTh y peaKUHOHHOFO WeHTpa H TeM MIpeNATCTBOBATh HOHU3ALHH, 


* 
SHaunTeibHad Na6WbHocTh cB13H C — Hg B coequHeHHax u3syuaeMolt cTpykTypbl xo 
polio u3BecTHa (10, 11), 
** 
Tlo-BUHMoMy, B 3TOM Cly¥ae HMeeT MeCTO HMCHHO HOHM3aIHA (8, 12), a we auccoumayua,) 
TaK Kak MaJIOBEPOATHO, UTOOI MaHHAA PeaKIMA MOFla MpOTeKaTb vepes KHHETHYeCKH CBOOOANEIEl 
3apAKCHHBIe 4YaCTHUBI. | 


aE 
TouHocTh PME He MO3BOAeT OOHAPYKHTb Pas/IHUHA MOXY BIMAHHEM XJOpa, 6poma 
sat Hoya. 
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a F : ; 
aNOHIbl, OTTATHBAA SJICKTPOHbI, YACTHUHO HeliTPaJIM30BaTb 3apA, BOSHUKAarO- 
ero 6eH3HIbHOrO KapOaHHoua, cTaOusu3supysA ero H TeM OOleruad HOHMS3AaLHIO, 


p es 
an Lak —COOR Haw’ SS €H-coor 
a nN 


?HgBr Hobs 
Bonpoc o crepeoxumun ato Sel-peakuwu MoKa OCTaeTCA OTKPBITBIM. 
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Jlokaagn Anagemun nayr CCCP 
1961. Tom. 136, Ne 3 


XHMHA 


A. 11. CHMOHOB, Jl. H. UIMFOPHH, T. B. TAJIAJIAEBA 
uM 4usen-KoppecnoHnfent AH CCCP K. A. KOWELIKOB 


ASYYEHHE CTPOEHHA AJIKOPOJIATOB JIMTUS 
METOJOM KH®PAKPACHDBIX CHEKTPOB TOrJiowEHuvA 


CBA3b O—Li...0 


VisyyeHue CTpOeHHA JIMTHHOpraHW4eCKHX COeMHCHHH pa3JIMUHBIMH MeTOsa- 
MH (H.-K. CI€KTPbl, KPpHOCKONHA, JHIMOJIbHbIe MOMeHTHI (1 °)) MOoKa3as0, 4TO | 
9TH COeMHEHHA acCOWMMpoBaHbl. KommJieKcbl JIMTHHOpraHHuecKHxX CoeqHHeHHH 
lO CBoeli IpHpose MOMOOHbI U3BECTHBIM KomIIeKcaM B, Be, Al, Bo3HHKaIollHM 
BCJI€ICTBHe OOpa3s0BaHHA TPeXICHTPOBbIX MOJICKYJIAPHbIX OpOHT Cc yyacTHeM 
3JIEKTPOHOB, OOpasyIOWlMX NepBHYHble XMMHYeCKHe cBA3H B—H, Be —C, 
Al—C ur. n. (5). B otauaue ot rpynn Li—C, Al—Cur. n. rpynnr 
Li — O, Al — O u aApyrne MoryT OOpa30BbIBaTb BTOPHYHbIe XHMMYECKHE CBA3H 
He TOJIbKO HyTeM OOpa3s0BaHHA MHOFOLeHTPOBBIX IJICKTPOHHbIX MOJICKYJAPHBbIX 
OpOUT, HO HW MyTeM AKIeNTOPHO-OHOpHOrO B3aHMOJeHCTBUA, BCIENCTBHe ero 
KOMIWIekcbl ¢ yyacTHem rpynn Li —O, Al —O wu gpyrve osKHBI ObITh mpou- 
Hee, 4eM C y4acTHeM CBx3eH Mepsoro THMAa. 

Hactositjan paOota OblJia MocTaBJleHa C UeJIbIO H3yYeHHA CTpOeHHA coelK- 
HeHuH R —O— Li mH 9KCHepHMeHTaIbHOM MpOBepKH BbICKa3aHHbIX CcooOpa- 
2KCHHH OTHOCHTeJIbHO HX KOMIJIeKCOOOpasoBaHHA. 

HanOouiee MOoApOOHO HW3 NOJIY4eHHbIX HAMM AJIKOFOJIATOB JIMTHA Obi U3y4eH 
TpeTHUHbIM OyTHAaT WHTHA, TpeT-CaH,OLi, xopomio pacTBOpHMBIH B pa3JIMUHBIX 
OpraHHueCkUX PaCTBOPHTeIAX. SOTO coeqHHeHHe OblIO NMOMyYeHO MelicTBHeM 
MeTaJIJIM4eCKOFO JIMTHA Ha TPeTHUHbIN OyTHJIOBIM CNMPT B Cpese AMSITHMOBOrO 
oupa, BbINeIeHO Jaslee B KPHCTaJIIMYeCKOM Bue HM OUMULEHO 4eTLIPeXKpaTHOH 
NepeKpHCTaJJIu3alvel, U3 supa H rekcaHa. 

Tlonyuenne coezuHenni R — O — Li u pa3mnunbie onepalMuH c HAMM TIpo- 
BOMMIHCb B aTMOCiepe aproHa. 

C uesbio A3yieHHA CBOHCTB cBA3H O — Li Obla u3MepeHa yebHad 9JvIeK- 
TpOMpoBoAHOCTh TpeT.-CaHsOLi B rekcaHOBOM pacTBOpe C KOHeHTpallueli 
1,17 N np KoMHaTHOHM TemMnepatype, OKa3aBilaaca MeHbileH, vem 2 - 10°? om! 
Vismepenupit B. H. Bacuabepoli 2unOJIbHbI MOMeHT TpeTHYHOrO OyTHsaTa 
JIMTHA B T€KCAHOBOM pacTBope mpuH +25°C 6nu30K k 0,74 D. 

Hakouell, 43 aHHbIX H3MepeHHi MOJIeKyJIApHOrO BeCa MeTOJOM KpvOckonHH, 
w106e3HO MpowezeHHEIxX B. A. JlyGopuukum u O. B. HoruHok, crelyet, 4To 
TpeT.-CaHsOLi, pacTBopeHHbI B WHKOTeKCaHe, aACCOUMHpPOBaH MpH KOH- 
WeHTpaluu pactBopa 0,088 N, npuyem daxTop accouvalluu OKa3aJICA paBHbIM 5 
(Mou. Bec BbINHcuIeH 80,06, HaiizeH 396). SHayeHve JHMOJIbHOrO MOMeHTA, MIpH- 
BeJCHHOe BbILIe, NO-BHLMMOMY, OTHOCHTCA K KOMIJIeKcy, OOpa30BaHHe KOTOpOrO 
BO3MOXKHO TakxKe H B TeKCaHOBOM pacTBope. 

TakuM o06pa30M, NOJyYeHHbIe aHHble MO3BOJIAIOT CeaTb 3aksIOUeHHe O 
KOBaJICHTHOM XapakTepe cBa3u4 O — Li B Tpet -CaHsOLi 4 Hannunn accomna- 
HH ye B cmadom pactBope. W.-K. cMeKTpbIl, H3MepeHHble HaMH JA TpeT.- 
CsHoOLi B kpucTasiMueckoM COCTOAHMH HM B pacTBopax (Ta6n. 1), NoLTBep»xKsa- 
OT BbICKa3aHHOe 3aKIOUeHHe. CNeKTpbl CHHMAJIMCb Ha J[BYXJIYUeBbIX H. K. CHeK- 
Tpometpax MKC-14 u H-800 dupmer Xuasprep. 
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Ta6aunna 1 


; 

A Kpuctana4. 

] cocTonHHe PactrBop Pacteee’ 

J eee MTN CCl, 0,4N; OrHecenue uacTor (8°) 
y dTOpHpoBaH- emo 50p cmok 50p. 


HOM Macslax) 


: 2945 (0. c.)|~2950 (c.) {2950 (c.) ae 
| 2850 (c.) Nissen (cp.) |2850 (cp.) Ban. kone6. C—H 
1925 (c.) 
1470 (cn.) |~1460 (ca.) 11467 (cp.) | 
1375 (cp.) | 1378 (ca.) [1378 (cp.) 
1353 (c.) | 1355 (cp.) |1354 (c.) J 
R 


Tlepopm. kome6. CHg-rpynn 


4209 (0. c.)| 1242 (0. c.)/1240 (0. ¢.) Baa. Koue6. ~ c= 0 
: peace PGS) aCe 
\ 1013 (cp.) 1042 (ca.) 1009 (ca.) Tlebopm. Kome6. («kayaHue») CHg- 


} 970\{o. c.)| 971 (c.) | 974 (c.) ata Sco (Li) 

’ 883 (c.1.) 868 (o.ca.)| 880 (0. cm )| Deopm. Kone6. («kayanue») CHe- 
j 748 (cp.) 746 (cp-) | ? Sail none Cc—C 

FEE 9) BE) | 8) | Vicon, snmp. O— Li 


f 
462 (cp.) 463 (cp.) | 464 (cp.) } Tlepopm. xone6. C—C—C 


~3995 (c.) ~400 (cp.) | 400 (cp.) 


» Vi.-K. cnextpbi pacrBopos Tpet.-CaHsOLi B rexcane, CCla, quxsorexKcane, 
HOKCaHe, THSTUAMUHe, TPHSTHJIAMHHE He OTJIMUAIOTCA CYICCTBeEHHO OT CneKT- 
a KpHCTaJWIM4eCKOrO oOparia. TloppieHve TemilepaTypbl B Clyyae pacTBopa 
y TPuSTHaMuHe Zo --70—80° C Takxe He NPHBOAMT K 3aMeTHOMy H3MeHEHHIO 
Hektpa. Takad uHiucddepextuocts Tpet.-CaHoOLi mo oTHOMIeHHIO K aKTHBHEIM 
ACTBOPHTeIAM HW MOBbINICHHbIM TeMMepaTypaM CBHIeTeILCTBYeT O OOJIbIION 
POUHOCTH €FO KOMIJICKCOB. é 

Tpy6nii pacuet, mpopezeHHbiit tsa CHsOLi, nokaspipaetT, 4TO nosBeHHe 
ACTOTHI BaJIeHTHOTO KOseOaHUA CBOOOLHOK rpynnbt O — Li cuenyeT omuLaTS 

; o6acTH 1400—1700 cm™!; onHaKko jaHHble paOoT mo H.-K. CneKTpaM cnup- 
Bs (°°), a Takxe cmeKTpb! TpeT.-CaHoONa u Tpet.-CaHoOK, nowyuenuple Ha- 
i JIA CpaBHEHHA, He MO3BOAIOT HH OLHY W3 MOJIOC B yKa3aHHOM WIM B Ka- 
Oli-mM60 Apyro o6acTH OTHeECTH K KOJIeOaHHAM CBOGOZHOM rpynnb O — Li. 
) TO Ke BPCMA HHTCHCHBHbIe MOJIOCLI B JJIHHHOBOJIHOBOM 4aCTH ClieKTpa C 4a- 
rotamu 580 cm! u 510 cm, otcytcrByollve B cnekTpe TpeT.-CsiHsOH u 
cuesaiolive B MepBy!lo ouepeyb MmpH pacnane tTpet.-CaHsOLi na Bossyxe, 
O-BHIMMOMy, CJIeyeT OTHECTH K CJIOXKHbIM KOJICOAHHAM IeMOUKH C JIMTHEBI- 
(q CBASAMM («MocTHKamuH»)... Li—O...Li — O...Li — B kommuekce, HMeroleM, 
O3MOXKHO, MpOCTpaHcTBeHHOe cTpoeHve (TeTpasspuyecKoro THMa) B Cuy4ae 
leHTaMepa. 

@yuk (!°), u3yuaBLIMH cleKTpbl KOMOHHALMOHHOrO PaCCeAHHA HM H.-K. CIeKT- 
bl aleTHaleToRaToB Be u Li, oTHec B MocJieqHeM CJlyy¥ae K KOJIeOaHHIO Me- 
aji — WuraH— Momocy c uactoTtoi 510 cm‘. IIpupoqa cBa3M B MocTHKe 
)— Li...O KBa3MapomatTuyeckoro WHKsa aljeTHialeToHaTa muTua (11) Maso 
THMMAeTCA OT paCCMaTPpHBaeMOro HaMH CJlyyaa, HO, MO-BUMMOMY, Ipou- 
OCTb e€€ B THepBOM cyIy4ae GOosIbule. 

CyulecTBoBaHve MpouHEIx KOMmMeKcoB TpeT.-CsHoOLi, BepoaTHO, MOxHO 
ObACHHTb JByYMA NpwunHamu: 1) OOpas0BaHHeM TpeXILeHTPOBbIX MexKMOJIEKY- 
APHBIX 3JIEKTPOHHbIX OPOHT MyTeM MpeLOCTaBJIeHHA ATOMOM JIMTHA OHOK 
IOMEKYJIbI CBOOOLHOH p- OpOuTBI JIA 3JIEKTPOHOB, YUACTBYIOUIUX B O-CBA3H 
) — Li Apyro# MonekysbI; B pesy/IbTAaTe STOrO Mapa BaJeHTHbIX 3/IeKTPOHOB 
wacTByeT B OOpasoBaHHN IBYX cpaseli O — Li...O (I a); 2) akwentopHo-zo- 
OPHBIM B3aMMOJeHCTBHEM 3a CUT HCHOAL3OBaHUA HEMOJeeHHOM Mapolt p-3s1eK- 
POHOB aTOMa KHCIOposa cBOOOAHOH p-OOHTbI JMTHA B [pyro Moviekyuie, 
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JONMOJHUTEbHO YIPOUHAIONIUM MeXKMOVIeKYApHy!O CBAsb (I 6). B paccmarpH 
BaeMOM CJly¥ae, HMeA B BULLY NepeKPbIBAIOMMeECA TpeXIeCHTPOEbIe MOJIeKyIAP 
Hble OPOWTbI H yuacTHe B COPas0BaHHH MEXKMOJIEKYJAPHOK CBA3M HeTOJeeH) 
HOM Tapbl p-9JIEKTPOHOB aTOMAa KHCJIOpoOsa, NO-BHMMOMY, MO?KHO TOBOPHTb 
3HAYHTeIbHOM OOOOLIECTBJICHHH 3JIEKTPOHOB C OOpasOBaHveM MHOFOLeHTPO 
BLIX MOJICKYJIAPHbIX OpOuT. MoxwKHO NpeANOMORUTE B KPHCTasax CyllecTBOBAl 
HHe CBOeCOOpasHbIX NOJIMMepHBIX WenoueK, COCTOSIMMX M3 HeKOTOpOrO 4¥HCA 
KBa3HCONPAKEHHBIX. CBA8eH O — Li...O,-Buga (1) dt 


WJIK KaKHX-H60 JpyrHx OOpasoBaHuk C sPMeKTHBHEIM OOOOMecTBIeHHEM 3u1eK 
TPOHOB, YTO MOXKET MPHBECTH K YMEHBIMEHHIO PaSHOCTH SHEPrHv Me*KLy OCHOB 
HBIM H BOSOY2KJCHHbIM SJIEKTPOHHBIMM COCTOAHMAMK CHCTembl. OcnoBanne 
WIA TAKOTO MpPeANOMOKEHHA MOKET CYAKUTb PakT OOHAPy2XKeHUA JIKOMHHECHEH 
WMH y COeqHHeEHHH 9TOrO KwJIacca. 

Hamu moulyueH CMeKTp JIOMHHECIeEHUMM KPHCTaMuecKOorO M pacTBOpeH 
HOrO B rekcaHe TpeT.-CaHsOLi (0B0mbHO sApKoe B Cyyuae KpHCTAaJJO“ 
M 3HAYHTeIbHO Govlee Cla60e B pacCTBOpaxX CBeYeHHe) IPH BOSOyKTeHHN JVIMHOL 
BomHE! 4 = 365 mu npn T = 77° K, npescrapasioujuh co6oh mupoKylo nono 
cy CMaKCHMyMoM B OGvlacTH 430 Mp. B culyuae pacTBopa B reKCaHe MaKCMMyM M10} 
jocbl duyopecuenunu oKosio 410 mu. TlormomjenHe cBeTa cucTemoi B paMKaxX 
Halllero paCCMOTPeHHA MOXMKHO COBACHHTb NepeXOLOM I/IeKTPCH a C MHOPOLLEHTPO 
BOH MOJICKYJAHPHOH OpOHTbI OCHOBHOTO COCTOAHMA Ha BO30yKJeHHYIO MHOrO 
WeHTpoBylo opOutTy. Jipyrad BO3MO2KHOCTb BO3Oy2KJe@HHA CHCTeMbI COCTONT 
Mepexojle 3/IeKTpOHa HeNOeeCHHUH Tapbl aTOMa KHMCICpoza Ha BOZOyKLeHHyH 
MHOTOLeCHTpOBy!o OpOHTy. 

Kpome onmvcaHHoro coeqMHeHHA HAMM ObWIM W3Y4eHBI W.-K. CHeKTpbl paw 
AJIKOPOJIATOB JIMTHA C HOPMAJIbHBIM auMcaTHYeCKMM pagzHKanom: CHsOLi 
C,H;OLi, x-C,;H,OLi u a-C,H,OLi. STH anKorouATE mpemctaBanwr cobo# 
KpHCTaJJIMYeCKNe COCMHHEHHA, pasJlaraloulHecA Ha BO3Lyxe, OYeEHb Ca6o pac 
TBOPHMbIe€ HJIM BOBCe HepaCTBOPHMble B OpraHHueCKHX PaCTBOpHTeAXx (rekcaH 
WHKJIOTeKCaH, 6eH30J1, TOYO, NHPHIHH, WMOKCaH, JMSTHJIaMHH, TPH3THaMHH 
WM p.), BBULY ero HaM He yJlalOCb NOJYYATh JOCTATOUHO YeTKHX CIeKTPOB 
pactBopos. CnekTpbl KpHCTalMueCKHX OO6pa3loB (NacTa B Ba3eJIHHOBOM MH 
“(TOPHPOBaHHOM Macwlax) MIpHBeseHbl B Tab. 2 (UaCTOTHI B cM 4), | 

Himes B BHAY, ITO TPeTHYHBIN OyTHNAT JHTHA MpOGHO acCOLMUpOBaH, MO*K 
HO IpeQNOJIOKUTb, YO AJIKOFOJIATHI JIMTHA C Hepa3BeTBJICHHbIMH ayndaTHye 
CKHMH pakkKaslaMy elle Oomee NPOYHO AaCCOWMMPOBaHbI, vem OOBACHAeTCA U 
He€PpaCTBOPHMOCTb HH OUeHb Ca6ad PaCTBOPHMOCTb (y aKOFOMATOB Cc Gower 
AJIMHHOK yrvieBOXOpOAHOH WemOuKOH) B TeX paCTBOPHTeNAX, B KOTOPBIX TpeT. 
C,H,OLi xopouio pactpopsetca. CyllecTBOBaHHe accoOlMaTOB coeqHHeHHi| 
ROLi Haxoqutca B cormacHH C JaHHbIMH O CMOCO6HOCTH MeTaJJI-aIKOKCHIOB! 
moMMepH3opatecs (7°). CoenwHenua w-ROLi Take jatoT CMeKTpbI s0- 
MHHECIICHIMH (B HacTOsujeli paOoTe MBI He OyyeM MNozpo6HO paccmaTpu- 
BaTb 3TOT BOIPOC), YTO, BOSMOXKHO, CJY2XKUT NOATBeEPKITEHHeEM HaNHYHA acco- 
WHalMW MexKLY MOJIeKyJaMH B KpHcTamax. C 9TOH TOUKH 3peHHA, Y4HTbIBAaA 
MaHuble MO H.-K. CM€KTPaM COOTBeETCTBYIOMMMX CHUPTOB, amKorouaTos Ge, Al 
wT. m1. (7%, ®, 13-19) cnexTppl MeTHaTOB HM aTHaTOB Na u K, mosmyyeHHble HaMH 
WIA CPaBHeHHA, a Take NoBefeHHe MOMOC B CleKTPpaX pH BOsMeHCTBUM Ha 
R —O— Li sosgzyxa (pa3MpiTHe MOmOC BIOTh JO UCuesHOBeHHA), MOXKHO 
MpHOW2KeHHO TIPpOBeCTH OTHECeHHe OCHOBHbIX MOJIOC B CMeKTpax M, B ¥YaCTHO- 
CTH, OTHECTH K CJIOXKHBIM KOJIeEOAHHAM aACCOIWMHPOBAHHbIX rpynn O — Li B 
KOMIIJIeKcax O0CbI Cc yacTtoTamu: CH,OLi 670 cm7}, 537 cm-1; C,H,OLi — 
675 cm7?, 515 cmé!, 457 cm-? (?); 4-C;H,OLi — 576 cm=1, 527 cuz}, 498 cw}: 
H-C,H,OLi 565 cm71, 483 cm?! 3 
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Ta6nuna 2 


CH,OLi xpuctannus. SSSR ea erEy CH,OLi xpuctanmu4. | es Gast | ca 
2923 (cp.) 1060 (0. c.) Bau. kone6. C—O 
2842 (c.) Ban. kone6. C—H 862 (cw1.) 7 
RIMES 760 (ca). ; 

2595 (ca1.) ? 670 (cp.) | ance ates 
2080 (c.1.) 2-Ban. C—O 585 s T1JIedo) if 20 - 
1a , ES} || eer x 

i 428 te Tlehopm. xone6. CHs 
1368 (c.) } ee eH 410 (cp. maeuo) \ no oTH. K C—O 
1160 (cp.) — OCHs3 


C,HsOLi: 2957 (c.), 2917 (cp. mmeuo), 2848 (c.), 2808 (c.), 2713 (cp.), 2606 (cp.), 
423 (c.), 1794 (cn.), ~1490 (cp. nuevo), ~1455 (c., Hepaspem.), 1435 (c.), 1378 (0. c.), 
e063 (cp. meyo), 1155 (c.), 1107 (0. c.), 1058 (0. c), 970 (ca., mmeyo), 885 (c.) 720 (cp.), 
75 (c.), 545 (c.), 457 (cp. naeyo), 428 (cp.), 405 (cp.). 

> a-CsH,OLi: 2945 (c.), 2910 (cp.), 2860 (cp.), 2835 (cp.), 2790 (c.) 2700 (ep.) 26AN (cn ), 
600 (0. cm). 2155 (cn.), ~1630 (cp. wupoKaa), 1450 (cp.), 1380 fc) 1297 fen,). 
1247 (cn.), 1193 (cp. neyo). 1110 (c.), 1078 (0. c.), 1015 (cp.), 976 (ca.), 882 (c ), 576 (c). 
Mec. )aden(cp.), 450) (cp.). ~395 (c.). 

Br-cattee ti. 2950) (0. ¢) 2905 (0. ¢.), 2843 (c.), 2800 (c.), 2710 (cp.) 2595 (ca), 
625 (cp.), ~1455 (e ). 1439 (c.\, 1375 (c.), 1155 (cp.), 1120 (ep.), 1085 (0. ¢.) 1002 (cp.), 
70 (cn.). 905 (ca.), 882 (ca ), 800 (cn.), 730 (cp )? 672 (cr.), 565 (0. c.), 483 (c.) 435 (0. c.), 


OyHako Ooslee TOUHOe OTHECeHHE MO0C B CeKTpax H Ooslee ONpeeeHHbIe 
BLIBOJbI B OTHOLICHHH aJIKOOJIATOB JIHTHA C HOPMAJIbHBIM aslHaTHyeCKHM pa- 
HKaJIOM CTaHYT BO3MO2KHBIMH B pe3yJIbTATe VCHOb30BaHHA JaHHbIX H3yyeHHA 
HSOTOTINYECKUX 3amelleHHbIX (D, Li®), peHTreHOCcTpykTypHOrO aHawIH3a coe- 
quHenHi (?'), aTakxe pacueTa KOeOaHHi NpocTeHuWiHx CBOOOHBIX H aCCOIHMUpo- 
BaHHBIX MOseKy R — O — Li. 
_ @ysvKo-xuMHUeCKH HHCTHTYT Tloctynusio 

um. JI. A. Kapmosa 14 IX 1960 
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Jloxrnagn Akawemuu nayk CCCP 
1961. Tom 136, Ne 3 


T. A. WKEPOJIEBA u E. M. BEJIABCKAS 
BOPOPrAHHYECKHE COETHHEHH A 


CHHTE3 HW HEKOTOPbIE CBOHCTBA TPH-(S9THJIMEPKAMTO)-UBOPAHA 
(ITpedcmaeaexo axademuxom B. A. Kasauncxum 7 VII 1960) |; 


IIpu ssaumogeiictpum pHOopana Hu N-IIpOMmMIMepKaliTana WM H-OyTHIMep-| 


YTO STHJIMepKalTaH MO OTHOLMEHHIO K JHOOpany Beet ceOa UHaue. B pesyprate 
peaKUHH MexKy WHOopaHOM H STHJIMepKalTaHOM, MpOBOAMMOH B SHpHOM pac- 
TBOpe IIPH KOMHaTHOM TeMMepaType, He3aBHCHMO OT COOTHOMIeCHHA peareHTOB! 
o6pasyeTcs Tpu-(2THIMepKanTO)-2HOopaH (1), BEIxon 60—70% . 
ier BoHe + 8C,H;SH — CzsHsSBH2BH (SCeHs5)o¢+f3He. 
(1); 

Tpu-(9THIMepKanTO)-qu60paH MpeycTaBaseT coOOl %KHAKOCTb, KoOTOpan} 


KallTO)-7H60paHoB, He JMCCOWMMpyeT B pacTBOpe. SaMeCTHTb OCTaBLIHeCcA 
3aTOMa BOZOpOoya Ha 3THIMepKanTorpynnbl yfaetca mMuIb mpH 110—150°. 
IIpu 9TOM C XOPOUWIHM BbIXOJOM MosmyyaeTcaA TpHsTHITHOOOpaT (II). 
(CzHsS)sBoHsf-+ 3C2HsSH{— 2B (SCaHs)s + 3Ho. 
(II) 

IIpu yelicTBHH STHIaMuHa Ha TpH-(STHMepKaNTO)-HOopaH O6pa3yetcA 
N-tpxatHa-6opa30n (VI) 4 sTHIaMHHO-GopaH (VII). Ha nepBot craquu peakuHH 
BOSHHKAIOT STHJIAMHHHBIE KOMIWI€KCHI JH-(9THIMepKamTo)-Gopaua (III) u atun-} 
MepkKantTo-Oopana (IV). | 

(C2Hs5S)2 BHBH2SC,;H;+32C,HsNHg> Sit ae NH2C2Hsj+4C2HsSBH2- he 

Jlanee III c oTmjeneHHeM MepKaliTaHa [peppalilaerca B 9THMAMHHO-3THI- 
MepKalTo-GopaH (V), KoTOpbIii KoHZeHcHpyetca B N-TpusTunGopason (VI). 


CHs5S BH 
—C.H,SH Ne GH SE ge 
(C2H5S)2 BH NH2C3H5 —> Bel C,H5N NC3Hs 
Va A 
C.H;NH a BH 
vie 
(V) Nes 

, N 

4 | 
CsHs (V1) 


OTHJIAMMHHbIM =KOMIWIeKC STHJIMepKanTo-GopaHa (IV) Toxe ommensser | 
STHJIMepKallTaH HW TpeBpalilaerca B 3THMaMMHO-OopaH (VII). TlocneqHuit Bpr- | 
HeJAeTCH H3 PeaKIMOHHOH CMeCH TaBHbIM OOpa3soM B Bue 

C,HsSBH,:NH2C2H5 => C,;H;sNHBH2 ob C,H;SH 
; (VID 
TpuMepa. Tpumep sTHamuHo-Gopana (VIII) 
BHg 


Ue 
CsH;NH NHC3Hs 
| | 
BH, BHe 
\ ee 
ees 
NH 
| 
CH; (VIII) 
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IpefcTaBIseT COOOH TBepfOe BellleCcTBO, BMOIHe yCTOMuNBOe Ha BO3LyXe, KO- 
Opoe pH KOMHATHOM TeMlepaType He pearupyeT c BOON uv cnuptamu. Tugpo- 
(M3 TDHMepa yjlaeTCA OCYMLeECTBUTh JIMWIb IPH KHNAyeHHU c 20% comAHOL KUC- 
joTOH. Ilo cBouM XMMHYeCKHM CBOLCTBaM MOJyYeHHOe HAMM CoOeMHeHHe aHa- 
[OTHYHO TPHMepy MeTHIaMHHO-Oopana (’). 

OTUJAMMHO-OOp aH CYLeCTBYeT H€ TOKO B BAe TPHMepHOM, HO UB AUMep- 
oh cbopme. IIpu meperonKe MpoxyKToB peakiHH Momyyaetca, Hapany c N- 
PH9THI-OOpasoJIOM, KHAKOCTh C T. KH. 85—90° npn 2 MM, aHasmH3 KOTOpOH 
TBEYACT STHJIAMMHO-OopaHy, a ONpesesweHve MOJeKysApHOrO Beca JaeT 3Ha- 
€HHA, MPpOMe@XKYTOUHbIe MeXKTy MOJIeEKYJAPHbIM BeECOM JHMepa HM TpuMepa. 
Ip CTOAHHM H3 STOH CpakUHH BHIMeMMeTCA KPUCTamMYeCKuH Tpumep (VIII). 
lo-BHJ,MMOMy, yKa3aHHad *pakUNA MpeycTaBsseT cmMecb AuMepa (IX) u Tpu- 
fepa (VIII) stHmamuno-6opana. Jlumep mpH cTOAHHM MepexoquT B TpuMep 


Va 
ve B (IX) 


H oN 
C,H;NH H- 

Ilo cBouM XHMMUeCKHM CBOMCTBaM uMep (IX) oTmHuaeTca OT TpHMepa (VIII). 
JH 3HAYHTEJIbBHO MeHee YCTOMYMB K KHCIOpOLy HU BwJlare BO3Ryxa. O6e dopmpi 
PH HarpeBaHHH MpeBpamartca B N-TpusTH-Gopa3s0/1, HO C pa3JIHYHOH CKO- 
ocTbhIO. Ec TpHMep HauHHaeT BbIZeIATb BOOpOR sHWIb mpH 140—150° u 
JIA erO NOJHOrO TpeBpallleHHaA HeOOxoqNMO HarpeBaHHe oO 180°, To AHMep 
ae IIpH MeperoHKe B BakyyMe YaCTHYHO MpeBpamaetca B N-TpHsTHI-6opa3ou. 
Ip HarpeBaHHH CMecH, cOcTOAUeli MpHOMM3HTebHO M3 35% uMepa u 65% 
pHMepa, BbifjemeHHe BOosOposa HauMHaeTca pu 100°. B uutepBane or 100° 
0 120°, mocme Toro, Kak BbIJJeMHTCA OKOO TPpeTH TeOpeTHYeCKOrO KOJIHYeCTBA 
omopoya, MaibHeliee BbIemeHve raza TpekpalllaeTcd H HaYHHaeTCAH CHOBAa 
Hb IPH NOBbILIeHHH TeMiepatypb 20 150°. 

Jjanee MbI HCCIeqOBaIH NopesqeHHe TPH-9THJIMepKalTO-2HOopaHa M0 OTHO- 
ICHHIO K HENpeeJIbHbIM COeqHHEHHAM. Kak ObIIO NOKa3aHo pauHee (*), WH-(H-Oy- 
HJIMePKAalTO)-AHOOpaH B IXPHPHOM pacTBOpe pearupyeT C OsIe*HHOBBIMN yrvie- 
OMOpOLaMH MpH KOMHATHOM TemMepatype Cc OOpa3s0BaHHeM A-OyTHJIOBbIX 3(pu- 
OB JHaJIKUJITHOOOPHBIX KUCJIOT, TOra Kak TeTpa-(A-OyTHJIMepKanTO)-1HOoOp aH 
PHCOeAMHAeCTCA MNO ABOMHOH CBA3H B Oosee HKECTKHX YCJIOBHAX. 

AHaJsIOrHuHO BeeT Ce6A MO OTHOLIeEHHIO K NpOoNHieHy Tpu-(9THIMepkKano)- 
HOopaH, BCTYMaioulHii B peaKI[MIO MpHCOeMMHeEHHA Mp KOMHATHOH Temiepa- 
ype TONbKO Oojlee FHAPOreHH3HpOBaHHOH cBOeH MOMOBHHOM MOVJIeKyJIbI C 
Opas0BaHveM STHOBOrO supa AU-H-MpomusTHOOOpHOH KuCcOTH (X). He Bo- 
leqilad B PpeakIHiO BTOPad MOJOBHHA MOVIeKYJIbI TpH-(STHJIMepKalTO)-AHOop ana 
MMepusyeTca B TeTpa-(9THMepKanTo)-1HO0paH (XI). 


°2 HsSBH2BH (SCoH;)2/-+{2CH»;= CH — CHs > 2 (CsH7)2BSC2Hs{+ (C2HsS)2BHBH|(SC:H;)2. 
(X)' (XI) 

C 93THJI@HOM H.IH OKTeEHOM pH KOMHATHOH TeMIlepatype TpH-(2THIMepKall- 
0)-mH6opaH He pearupyert. IIpu KunaueHHH stpMpHOrO pacTBopa Tpu-(9THA- 
epKaliTo)-7u60pana H OKTeHa OOpasyeTCA CMeCb 9PHPOB AH-H-OKTHJITHOOOP HOH 
XII) u 4-oKxTHATHOGOpHOH (XIII) kucnor. Kpome Toro, B 3TOM Culy¥ae peakUHA 
PHCOCIHHEHUA COMpOBOKMaeTCA CUMMeTPH3allHMelH, YTO “MpHBOAUT K OOpaso- 
aHHIO, MOMHMO yKa3aHHBbIX XbupoB, TpMsTH-THOOOpaTa HM TpH-A-OKTHNOOpa. 


CsHsSBH2BP (SC3Hs5)2 + 3CH2 = CH — CeHis > Sea cagen aie cau (SC2Hs5)e . 


; 


IKCNeEPHMEeHTAMBHAA YACTH 


Tpu-@tTuamepKkanto)-guO6opan. 0,16 mona quOopaHa npo- 
ycKaJlM B TeyeHHe 5 4ac. IPH KOMHATHOH TeMIlepaType B pacTBOp St Qur 
),6 MOuI) sTHIMepKanTaHa B 100 Mu ac. a:pupa, MOMeILeHHbIH B TpexropJyto 
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KOMOY C MeWaIKOH, BBOJOM AIA raza HM OOpaTHbIM XOO_MAbHNKOM. IIpu 3TOM | 
BHIIeAJICA BOQOPOM, CMeCb CTAaHOBHJIaCb BA3KOH. 

Ha cneqyiouyyit WeHb B BakyyMe yaAH Sup HW M3ObITOK STHJIMepKanta- 
Ha, a octaToK (33,0 r) meperonamu. Ilomyaeno 21,0 r TpH-(9THAMepKanTo)- 
muOopana (63,5%) c T. kun. 105—110° npu 2 mM; 29 09887; 18 1.55005 


Hafineno. %: C 33,07; 33,60; HG. 25909, 23; B 10,4, 340-6 
CoH1sBeS3. Boruncneno %: C 34,63; “H 8,72: B 10,44; 


Mou. Bec* Hatineno 202,0, spruce 208,06. | 

Kpome Toro, Mpa nMeperonke B OXaxKJeHHOH 20 —70° moBylIKe CKOHJeH- | 
cupoBaocb 4,3 Fr 2%KMAKOCTH, pelcTaBssAtouleH COOOM, BEpOATHO, HEMOCTATOUHO ff 
YHCTHIM M-(STHIMepKalTo)-2HOop aH. | 

Tpustuatuobopar. K uarpetomy qo 140° Tpu-(sTHMepKanTo)-7H60- 
pany (19,0 r; 0,09 mona) npHOaBiaaM B TegeHve 3,0 4aca 27,0 r (0,43 Mons) | 
sTUsIMepKanTana. Bprgemuocb 6850 ma Bogopoga. IIpu nocaeqyroujen MeperouKe | 
MpOAyKTOB peaKILHH: epsune ia 24,1 rTpusTuTHOOoparta, T. Kun. 93—96° npn 


2 mm; d;° 1,0191; n% 1,5465; MRp** nattyeno 60,39,.. BpraucmeHo 59,97 | 


Hakneno %: G37 oI Moieots Hei eoliasi, VOD OOO um, Oo 
CoH153BS3.nBoryucneno %: C 37,14; H-7,79;. B5,57. 


Bpixo, Tpu3THNITHOOOpatTa cocTaBAeT 69% TeopeTH4ecKoro. 

TleficTBue 9THMAMHHA Ha THPH-(9THAMEPK AaNTO)- 
mqu6opan. K39,0r (0,188 mons) Tpu-(sTHIMepKalTOo)-7HO0paHa, NMOMeLLeHHbIM 
B JByXropsy!o KOJIOy C KaleJIbHOH BOPOHKOM HM Lue XOJIOJ.MJIBHHKOM, KO- 


BaHHe peakitHoHHOl cMecH, BbIJeueHHe Bomopona He mpoucxoguT. B Bakyyme | 
BOJOCTpyiworo Hacoca OTOrHaIH 3THIMepKantaH (26,4 r; 75%) cHayana mpu 
KOMHAaTHOM TemMepaType, a 3aTeM IpH HarpeBaHHH peaKkiHonHoli MaCCbI Ha BO- | 
anol Gane (Temnepatypa 6aHu 30—40°). 

Vis octTaTKa B pe3ybTaTe (PpakIMOHHPOBaHHOH Neperouku Bblyeneno 10,1 rj 
N- en 6opa30ua (BbIXOL 50% Tepe): T. KHIM. ses pu 23 MM; 


Give es Gopana (suxon 21 % feohernuecnorn), T. ma. 171_-173° (mepeKpHcT. | 
u3 OeH30JIa). | 


Hafinzeno %:3C 42,18; 42,38; H 13,95; ee + Be19,29; 49,34; 
3, 48; 3. 64 


Aser 


(CsH;NB)s. Bpruncmeno %: C.42,21; H 14,16; B 19,041; H,.7, 3,59 


Mon. Bec Halizen"181,4, Bpraucnen 170, 73.| 


BrieseHo Takxe 3,3 r *KMAKOCTA Cc T. Ku. 85—90° mpu 2 mM; np 1,4593, 
MmpeqcTapssiomel co6oli cmecb MMepa H TpHMepa 93THMaMMHO-Gopana. 


Haiijeno %: B 17,59; 17,94; H,,, 3,39; 3,82 
C,;H;BN. Bstuncneno %: B 19,01; Fe 00} 


OnpefeneHHe MOjeKyApHoro Beca jaeT 3HayeHua 153,3, 147,6, 4TO) 
COOTBETCTBYeT COfepxaHHio B cMecH 35% muMepa u 65% TpuMepa. 
3,2 7 CMecH HarpeBalH C OOpaTHHIM XO/OLMIbHMKOM. BoieseHue rasa Ha- 
yuHaeTca pH 100°, B uHTeppane 100—120° sBprgenunoch 450 mia Bogoposa 


me Momekyiapuntii Bec ompeqenaAncA KpHocKomMYecKH B GeH3oVe. ' 
Monekyiapuan peppakuHA BEMHCIANaCcb KaK CyMMa pepakiun cBasei. SHayeHHAl”! 
pepakuuH cBasei C —C, C—H,C—S,C—N, N—H cw. (8), cansu B —C (4). Pebpax-} 
nus cBasH B —S ng comocraBieHua MomeKyIApHbIX peppakuHi pasmHuHEIx GopcepycomepsxKa-tl 
ulMX CoeAMHeHHH NpHHsATa paBHoli 5,70, anaslorM4Ho BbunceHa pepakuuA cBasHh B — H 1,57.) 
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6 TeOpeTHyecKoro), a 3aTeM BbIJeeHHe fa3sa MpeKpaTHOCb; JIMUIb Tipu no- 


leHuM Temiepatyppl ZO 150° BHOBb Ha¥an BbIJeMATECA BOROpoR. JIA 3a- 
Ne@HHA peakIHH CMeCb HarpeBaH WO 180—200°. Bcero sprenunoch 1100 ma 

| (87% TeopeTuyeckoro). OcTaBLIyiocd 2 *HKOCTb aoe ae TlomyaexHo 
r N-Tpustuai-6opa3oa, T. Kum. 68—70° npx 23 uM, np 1,4365. Burxon 53% 
LeHcTBHe Nponunena Ha Pia peepee Ht 0)'- I H- 
pau. B pactBop 44,7 r (0,22 mona) tTpu-(sTHMepKanTo)-7uGopaHa 
Oma a6c. spupa MponyckasM Nponuseu 10 npekpaleHua camopasorpeBanHua 
<UMOHHOK cmecH. Ilocne yqaneHua pacTBopHTemA ocTaTOoK moyBeprasca 
KIMOHMpPOBaHHOM Meperonke B BakyyMe. Ilonyueno 17,4 r (25% Teope- 
CKOrO) STHIOBOTO SPHpa AH-A-NponUNTHOOOPHOH KUCJOTHI C T. KHIM. 
-50° mp 1 MM, mpu RH Tleperouke 3cdup uMeeT T. Kun. 61—65° 
8 mm; di° 0,8214; nD 1,4576; MRp naliqeno 52,49, sBpruucneno 52,13. 


Hafigenho %: C 62,03; 61,96; H 12,44; 412,35 
CgHi1,BS. Bpuucneno %: C 60,76; ra a 


19,4 r (83% FeOMS Matec Koro) TeTpa-(STHIMepKanTo)-RNOopaHa, T. KHUN. 
-85° npu 1 mm; dz 0,9755; np 1,5206; MR uaiineno 83,66, Bpraucneno 83,14. 


Hafineno %: B 7,84; 7,50° 
CgHasBeSq. BarunceHo 0%: aor 07 


4,1 r (10% or sB3sATOrO B ee Bi MCXOJHOFO TPH-(9THIMepKanTo)-2HOO- 
a, T. kum. 102—110° npu | m 
Meiictaue OKTe€HaAa HA TPH-(3THAMEPKANTO)-AH- 
pau. Cmecb 17,4 r (0,08 mons) TpH-(9THIMepKanTo)-yHG6opaHa, 33,6 r 
/MOJIA) OKTeHA H 25 Mu aOc. supa KHMATHIN B TeyeHHe 50 4ac. (TemnepatTypa 
KILMOHHOM CMecu 55—60°). Tlocue ynanenua apupa u H36bITKAa OKTeHAa OCTA- 
a (ppakWHOHHpOBaHHOH MeperoHke B BakyyMe. Ilomyuyeuo: 
,2 r (10% TeopeTuyeckoro) TpHsTHITHOOOpata, T. kun. 51—58° npn 0,1 mM, 
1,5376; 2) 1,8 r (10% or B3aToro B peaenE HMCXOQHOrO TpH-(STHIIMEp- 


TO)-u6opana, T. Ku. 68—75° npu 0,07 mM, np 1,5322; 3) 7,8 r (20% teo- 
MyeCKOrO) STHIOBOrO 3cPupa A- aimee te KHCJIOTHI, T. KHIM. 85—95° 


| 0,05 mm; d,° 0,8888; np 1,4804, MRp naiijeno 78,78, Berucneno 79,29. 
: " Hailigeno %: B 4,03; 4,05 

Cy2He;BS.. BeruncneHo %: B 4,39 
7,2 r (15% TeopeTuyeckoro) 9THIOBOrO SsiPupa AES H-OKTHJITHOOOPHOH KUC- 
bi, T. kun. 116—125° npn 0,08 mm; d;° 0,8435; nb 1,4668; MRp nalizeno 
90, BbIyvceHO 98,66. 


*“Hahiyeno %: Brome 
CisHgeBS. Briuncneno %: B+#3;63; 


13,9 r (25% TeopeTHyecKoro) TpH-H-OKTHIOOpa, T. KHM. 140—150° npu 
3mm; np 1,4459. 


Bincrurys opraHuyeckoh xHmun uM. H. JI, 3enunckoro Tloctynuno 
AxkaylemHH Hayk CCCP 4 VII 1960 
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PHSHFIECKAAH XHMH 
r. 1. A®AHACBEB, B. K. BOBOJIEB u JI. PT. BOJIXOBHTHHOB 


K TEOPHH BO3SBYKHEHUA B3PbIBA YHAPOM 


(IT pedcmaeaeno axademuxom B. H. Koxdpamevesoim 30 VIT 1960) 


CormacHO COBPeMeHHBIM IIpeACTaBJIeHHAM BosOy2KeHHe B3pbIBYaTOrO -1Ipq 
BpalleHHA MMeeT HCKJIOUHTebHO TeMOBylo mpupogy. M3 Teopun Tem0Bor 
B3PbIBa eae uTO ecJIH TeMIlepaTypy OlpememeHHOroO OObeMa B. B. nORHH 


oon peak, He MOxeT yxKe HOJHOCTBIO OTBOLUTECH, TO B 9TOM Mi , 
MpousoligeT TemuoBoe camopociiiaMenenke. IIpu ucnbiraHun TBepAbIX B. B. 


cbopMallHH WH XHMMHUeCKOM peakIMH. YUWTHIBaA MaJIYIO JJIMTeJbHOCT Tporeccy 
ylapa WM CHJIbHYIO 3aBHCHMOCTb CKOpOCTH peaKI{HH OT TeMHepaTypbl, MOKH 
MpeHeOpeub TerIOBLIM sPeKTOM PeaKIMH DJIA LOKPHTHYeCKHX TemMeparyp, T 
He MIpeBbillalouluX TeMNepaTypbl, BbIgMCeHHbIe Puyesem Hu PoOepTcoHom | 
HM TOMTBeEp2KTeHHbIe 2KCMePHMeHTaJIbHO (7). OWeHKa BeJIMYHHDI pasorpeBa B. fi 
3a CueT ayHaOaTHYeCKOrO C2%KATHA MOKA3bIBaeT, YTO Pa3OrpeBbI B STOM cIyYE 
MaJIbI 10 CPaBHEHHIO C KPHTHYeCCKHMH TeMMepatypamy (*). 


Takum 06pa30M, ruiaBHY!O pOJIb JIA CO3QaHHA BbICOKOTEMMepaTyPHbIX OUE 


HaBeCKH TOU MHOI MeHee | MM IIpu jMamerpe 10 mm. B mponecce nechopmaiy 
BeIMYHHAa COA, CKATOTO Mey COyLapAIOMLMMHCA MOBepXHOCTAMH, CTal¢ 
BHTCSI, KaK TpaBuio, MeHee 0,1 MM, T. e. WoxoquT Jo a = 0,01. OuesugHo, uF 
MaCIUTAOHbI SdpekT OJLKeH TIpH yape Ha KOMIpe HrpaTb CyWIeCTBEHHY!0 poi 
JI. M. Kauanospm (°) paccMaTpuBaacb 3afaua O CKATHU TOHKOFO OHOPORHO 
mucka (a<<1) MexKyLy WepOXOBaTHIMH TOPWaMH aOCOJIOTHO %KeCTKHX IWHHHAPO! 
H13 pelleHus, KOTOpoe OCHOBbIBaeTCA Ha TEOPHH yMipyro-nuacTuyeckHx edor 
Mall, MOryT ObITb HalijeHbI Te 3HAYeHHA Harpy3kH, TIpu KOTOPBIX OOpasel 
MepexOWHT B MWwiacTHyecKoe COCTOAHHe. OTH 3HAYeHHA CyeRyIolulHM O6pa3ok 
CBA3AHbI C @: 


a : 
na 


33a’ 

rye 6, — Mpeyen Tekyyectu. | 
Hrak, ueM TOHbINe OOpasell, TeM OOJIbIMee BJIHAHHE HMEIOT 2KeCTKHE PpaHullp 
TeyeHHA H TEM TpyHee BbIHyKaeTcA OOpasell K MwacTHyeCcKOH neopmaiui, 
Ecuim Japsenne B mpouecce ylapa ocTaeTcsA MeHbille, ¥eM JaBaemoe (1), TO Ter 
BbIJeJIeHHA He IPOMCXOMHT; 3HAaUHT, WIA Karknon 9HeEprHu yapa cymecTBye) 
Takad KPHTHYeCKaA BeJIMYHHa &, HHKE KOTOPOH HeBO3MOXKHO MOJYUHTb BSpbIih 
yYaTOe Pa3svIOKeHHe. Hay 
C Apyrol CTOpOH!, BOs6y2KReHHe CAMOYCKOpAMelicA XHMHYECKON peaKkIyy 
O6ycNOBNeHO BLINOJHeHHeM KpHTepHa DpanK-Kameneuxoro (°): 


GOR? 
aR Tin ao} 
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ne Q — TenoBol adpekT peak Ha equHHIy OGbema, E — 9Heprua akTu- 
3allMM, 2 — MpeSKCNOHEHIMAJIbHbIH MHOMKUTeIb, x» — KosdpuuveHT Tenonpo- 
30,HOCTH HW 6 = 3,32 AA cchbepuueckoro Ouara. SHA 3HAYCHUA STHX BeHUMH, 
MOXKHO [IA mOOOrO 3ayaHHOrO pasMepa d BbINHCHTb COOTBETCTBYIOILYIO eMYy 
<PHTHYeCKy1O Temilepatypy 7°. Ecsm BErguCIeHHOe 3HaueHHe T OKaKeTCA GOVIbIUIE 
reMMepaTypbl MaBJIeEHHA BellkecTBa 7,,, TO, KAK YKA3bIBaJIOCb OJHUM U3 aBTO- 
0B (“), AIA CO3qaHHA OUara Cc TemMepaTypoH 7 HeOOxo_MMO, uTOGHI HarpeB 
OMPOBORMasICA BCeECTOPOHHHM C?KaTHeM, BeJIMUHHA KOTOPOrO OJDKHA ObITb 
yaBHa P = (T —T,,)/y, Toe Y—NOBbIeHHe TOUKH 

IaBJIeHHA Ha aTMOCdepy (AIA COIbINMHCTBa BTOpNY- 

ibIX B. B. MOXKHO IPHHATL x = 0,02 rpan/arm). Ilo- 

larad pasMep ropsuero O4ara paBHbIM BBICOTE CKH- 

MaeMOro OOpa3ila, HMeeM: 


(aD).QEze "RTantyP) by 
4%R Cee Nee , a Q 


ae D — quametp oOpa3ya. Jia mOKaNbHBIX Mepe- 


“~peBOB, Pa3Mep KOTOPbIX MEeHbIle MPpHHATOTO HaMH, Luin 

3eIH4HHA TpeOyemoro WaBJIeHHA OyeT Ooubile, sem v4 

ialijjeHHaA U3 (2). ai, > 
TakHM oOOpa30M, MOJyueHbI HeEOOXOMMBIe ycwo- ieee 


3H ©~OOpasoBaHua addeKTHBHOTO ropsuero ouyara 
IpH wwacTuyeckoH fedopmauuu. Ycunopue (1) sB- 
IACTCH YCJOBHEM TeKyyecTH OOpasna (aA<1). JIna Tex a, re He CKa3bi- 
saeTCH BJIMAHME MaCUITaOa, STO yCJIOBHE 3aKsOUaeTCA B TpeOoBaHuH P = 6s. 
SooTHOmeHve (2) JlaeT ycIOBHe KpHTHYeCKHX HanpsxKeHu B 3aBHCHMOCTH 
oT pasMepoB UciibIryemoro oOOpasiia. BosOyxxeHne B3pbIBa OKa3bIBaeTCHA He- 
303MOXKHBIM, CCJIH faBJIeHHe, pa3BHBaeMoe B Tpomecce yfapa, ocTaeTcs 
MeHbUIe XOTA Obl OJHOTO H3 3HaYeHHH, BbIUHCCHHBIX TO JBYM YCJIOBMAM. 

B cpa3v c ycopuamu (1) u (2) HHTepecHO paccMoTpeTb [Ba Ppe38KO pas- 
MMYaIOULMXCA CIyYaA, a MMeCHHO: Tpen<O Ton H Toacn > Tan. Y PAA WHHU- 
iPYIOWHX B.B. BCMbINKa HacTyMaeT JO NOABMeHHA x#HAKO asp. Ina Hux 
THaaeT ycmopue (2), H HEOOXOAMMBIM YCJIOBHEM B3pbIBa ABJIAeTCA YCJIOBHE 
rekyyecTH. Ja OonbUIHHCTBA BTOPHYHBIX B.B. Tagen >> Tn WH pele Texy- 
JecTH HeBesuK. IlosToMy JIt HHX TJIaBHbIM YCJIOBHeM, BbIMOJHAIONIMMCA TIpv 
s3pbiBe, OyfeT, KaK CJIefyeT OMKUMaTb, yCOBMe KPHTHYeCKNX HallpsAKeHHH. 

JH Kaxoro OTJeNbHOrO OMIbITA BENMGHHA JaBJeHHA, HeOOXOAMMOrO WIA 
\Opas0BaHNA OUara, OMpPeMeNAeCTCA COBOKYIMHOCTbIO BeJIMYHH, BXOMAWIMX B yc- 
ioBusx (1) u (2). Tak kak a B Npomecce JepopMaluH Npu ysape H3MeHsHeTCA, TO 
\OJIb TOTO HJIH [pyroro yCJIOBHA MOXKeT OKa3aTLCA NepemMeHHOH. JIA HJIVIIO- 
TpalHH paccCMOTpHM CJlyyal, MpescTaBJieHHbI Ha pwc. 1, rye KpuBan / JaeT 
ieoOXONMOe aBseHHe 10 ycoBulo (1), a // — no ycnoputo (2). OrpaHnuaumca 
[pH 9TOM MOJeIbIO HeaIbHO-llacTuyeckoro Tea. Tora H3MeHeHHe JaBJIeHHA 
[pH WepopMaluu MpoucxoyHT no KpHBOoH / u ycJIOBHe (2) BEIMOJHAeCTCA TOJIbKO 
I AKA, H ASa,, Mle, CeOBATEJIbHO, TOJIbKO H BO3MOXKHO BOSHHKHOBEHHE 
(pbeKTHBHOTO ropsAyero WeHTpa. 


VWucrutyT XHMHUeCKOW (H3HKH Tlocrynusio 
Axkajlemnu HayK CCCP 28 VII 1960 
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PHSHYECKAA XHMHA 


A. H. MAHAKOB, O. A. ECHH u B. M. JIENNMHCKUX 


K CTPOEHMIO TlOBEPXHOCTHOLPO CJIOS PACIIJIABJIEHH bIX 
HHOBATOB 


(ITpedcmasacno axkademukom A. H. ®pymkunoim 20 VII 1960) 


B ucceqopanuax A. H. ®pym«uua u corTp. (',”), B TakxKe B paOoTax Apyrux 
apTopos (°) ObluO yCTaHOBJIeHO, 4YTO KaMHJIAPHO-aKTHBHble BelecTBa OOpa- 
3ylOT Ha PpaHulle BO3SAyX — BOJa ABOHHOH 9IeKTpHyecKuH cu0H. PacnonomeHHe | 
3apAJIOB B HEM ONpefesIAeTCA OPHEHTAalMel NOJAPHbIX MOJIEKYJI HW IpeHMyulecT- f 
BeHHOH aycopOiveH WOHOB KaKOro-sIHO0 3HaKa. 

EcTb OCHOBaHHA MOaraTb, YTO Ha NOBepXHOCTH TBepmbIX (*) H 2KHYKUX (°) 
OKHCJIOB, TAK %Ke€ KaK MH B BOJHbIX pacTBopax (°,”), 9HepreTH¥eCKH BbITOAHEee 
HaXOJMTbCA AHMOHAM KUCJIOpoya. OHaKO He HCKJIIOUeHA BO3MOXKHOCTh, 4TO}] 
OOJIbLIHe OMHOSAPAHbIe KATHOHBI WEJIOUHLIX ME€TAJIJIOB MOryT UaCTHUHO BBITe- fh 
CHATb HOHbI KHCOpofa Cc MOBepXuHocTH pacnaBa (8) HM H3MeHATb Ha OOpaTHOe 
pacnovloxKeHve 3apsAOB JBOHHOTO cJION. 

J\1A 9KCHepHMeHTaJIbHOH MpOBepKH STOTO Mbl H3y4aIH M3MeHeHHe C COCcTa- 
BOM IJOBeEPXHOCTHOrO HaTAKeHHA (6) H NOTeHWMasa (€;) Ha rpaHHlle C BO3- 
yxom B cuctemax Cs,O — Nb,O;, K,0 — Nb,O; w CaO—Nb.O; npu 1500°C. | 

OMbITbI MpOBOLWIHCh B Me€YH YrOJbHOTO COMPOTHBJICHHA, B KOTOPyi0 BCTAB- | 
JAaCb KBaplleBad TpyOKa WIA H30AWHH AYCMKU OT BOCCTAHOBHTEJIbHOM aTMO- } 
ceppr. McxoqHbimu peareHTaMy C/K UMCTHIe hapOOHaTH! WesuA M KaJHA, }- 
OKHCb KaJIbUMa HM MATHOKHCh HHOOHA, CosepxaBuad 1,5% (TiO2, SiOez, FesOs 
u Ta2O;,) uw 0,55% K u Na. fF 

TloBepXHOCTH9e HaTAXKeHHe ONpeeAJIOCh MeETONOM MAaKCHMaJIbHOrO 1aB-, 
JI@HHA B Iy3bipbKke (°), IpHuemM paOouHM ra30M CJyxKHI KuCTOpon. KopyHHs3o- f 
Ban TpyOKa C BHYTPeHHHM JHaMeTpoM 4 MM TIOMHHMaslacb BMeCTe CO CMa4HBalv- | 
IMM ee pacniaBoM Ha 1,5 MM Hal ero TOBeEpXHOCTbIO H BYTOM NOJIORKEHHH H3Me- 
pANOCh Japsenve. BpiOpanHaA MeTORHKa Oblia MpoBepeHa Ha BOe H Ha pac-| 
MlaBJICHHEIX XJOpugax, PbCle u KCl. 

[Ipu ucceqoBaHHu MOTeHIMaa MOBepXHOCTH (és) HCHOb30BasICA MeTOL 
Troiio — MpymxKuna (1°), Waa “ero cocTaBAaCh Cueyioulad wWelb: 


*Pt | NbeOs | O2| Pt | O2| NbeOs + MeO| Pt. 
L 2 3 Fa 45 6 


B Heli Kpaliuwe MlaTHHOBble 3JIEKTPOMbI KOHTAKTHPOBalH C pacnaBamu Nb2O, 
uw NbeO; + MeO, HaxoAUHMHCA B OTIEJIbHBIX THIVIAX H3 ZrOs. CpeqHHi SsIeKT- 
pO, ONeTbIii, KaK HM OCTAJIbHbIe, B aYHOBYIO TPYOKY, HeMpepbIBHO OMBIBaJICa }, 
KHCJIOPOOM. { 

CyMMapHbIid NoTeHUMadl Ha rpaHHuex 6 (s) H 5 (;) H3MepssCA C MOMOLLbIO | 
moTenyHometpa IIITB-1 oraocutetbHo ra3so0Boro 2vIeKTpowa (e,) HW Obl BCerga |) 
NOMOMKUTEMbHBIM, T. e. 


As.= 2 es, — 2, > 0. 


TlockoubKy mpu 1500° armocdepa B me4H JOcTaTOUHO HOHH3HpoBaHa, palHoak- } 
THBHOe BelllecTBO He mpumMeHsOcb (1°). [locrosHcTBO MOTeHIMaa MpOBepAIOC | 
MO OTHOWCHH.O K CTAHapTHOMY 3JIeKTpoAy, NorpyxeHHomy B NbeO;. B 6Oonb- } 
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IMHCTBE CJly4aeB BeHYHHA (rpanuupt J, 2, 3) 


0 
Ag, — & + SoS] Ep 


CTaBalacb TpaKTHyecKH HeH3MeHHOH. BpeMsi MOCTHKeHHA YCTOHUMBbIX 3Ha- 
leHHM COCTABIANIO HepexKO oKono 40 MHH- 

Jl OWeHKH pasHocTu QIEKTPOXUMHYeCKHX MOTeHMMAIOB Ha rpanunax | 
POE = &)— © THM cOnMxKanHCbh WH © NOMOMbIO TOHKOrO con Nb.O, 
leK Ly HAMM cosfaBasica KuAKOcTHOM MocTHK. [IpeneOperas puddpysnonnEm 
(OTeHUHaOM (''), jonycKau, uTO 9VIeK- “ 
pOABMKyWan cua TaKoit suelikH paBia - 2pefem 
\e,. bE, “6 

C momoutpro sBennynn Ag?, Ae vu Ae, 
JACCUMTHIBANACh PA3HOCTb TOBEPpXHOCTHbIX 
IOTCHIHaJIOB: 


i 
0 
Ne, = &,— &, = Az, — Ae — Ag,. 


Kak BHHO u3 pue. |, pH joOapuie- 
mu K;O nu Cs,O go 10 mon. % BennuMHbI 
} HU Age pe3KO CHM>KaIOTCA, a 3aTeM MelIeH- 
10 yObIBalOT ¢ pOCcTOM  KOHILeHTpallun 
Me,O *. Hanpotus, mp sBpefenuu: B pac- 
imap CaO nopepxHocTHoe HaTs2KeHHe TOBBI- 
uaetca, a BemMunHa Ae nour He MeHseTCS. 
fakOH XOJ| KPHBbIX CBHJeTeIbCTByeT O Ka- 
IMJJIAPHOW AKTHBHOCTH KainoHoB Cs* u K*, 
3 OTIHYNeE OT HOHa Ca?t, 

Poct snayenuli Ae, yKa3biBaer, 4TO NO- 
'eHUMaJI Ha MOBEPXHOCTH paciiviaBa (€s) cTa- 


Puc. 1. Msorepmbl noBepxHocTHoro HaTAKeHHA Ui 
IZMCHEHHS| MOBepXHOCTHOrO moTeHunama. 1, 2, 3 — 
5=/f(N) ana cuctem Nb,O; c Cs20, KeO u CaO 
ooTBeTCTBeEHHO; 4, 5, 6 —Ae =f (N); 7, 8, 9—Aey= 
—f (N)u 10, 11, 12— Ae, =f (N) aaa Tex %e CHCTeM 


0 2 3 GW Smonr' 


JOBHTCA MEHEe NOJOKHTELHBIM C YyBeJHNeHHeM KOHILeHTpanlun Me,0, et 
10 Mon. % 93TO yMenbuIeHNe coctaBaneT gain Cs, oKon0 65, Aan K3C 
45 MB, a Juin CaO TonmpKo 2 MB. ; 

Viasectuo (!*), uro nuaTHHa B aTMocibepe KucuOpona MOKpbiBaeTcA ero 
40HaMH, a CaMa 3apAKAaeTCA MOJOMKUTEIbHO, T. ©. er > 0. Tlockombky B Ha- 
iiem cayyae As, u Ag, NOmO%KUTeEAHLI, MOXKHO MPHHATE, WTO BHCHIHAs 
OKaKka TOBepXHOcTHOrO cwlon pacnmapa Take OOpas0BaHa TvlaBHbIM 
6pa3s0M aHHOHaMM KHCOpofa. Tak Kak ce 3apsj, yMeHbIlaeTCa C TaneHHeM 
3s, TO aflcopOupoBanHBle KaTHoHE! Cs* u K* fouKHbI 3aMellaTb B Re 
“l0€ AHHOHBI KHcOposa, a He MOHbI HHOOMSA. Vinaue roBOps!, KaTHOHbI US 
a K* pacnonaraiorca Bo BHemHell oOKmagKe, T. e. Ha TpaHHile pactiviapa 
> rasoM. UToObl oleHHTb, Kakad wacTbh ajylcopOMpOBaHHBIX KaTHOHOB HaxO- 
IMTCA Ha 9TOM TpaHuue, UX NOBePXHOCTHbIe KOHIeHTpalluu (Ns) Obi oie 
SUHTAaHbI JBYMA croco6amu. B ofHOM 3 HHX HCMOb30BaN0Cb ypaBHeH 
Pucca JIA UfeasbHEIX PaCTBOPOB: 


ee ey 08 


a RT ON ~ 


i : 0 Na,O), akTH- 
_ * TlocKompky ucxoqHad MATHOKHCh HHO6UA comepxKata 2,3 MOM. /0 (K2O0 + Na20), 


jeckHe KOHUeHTpauHH MesO 6piin Sombie. ie 
' 5) 


| 
i 


Ilonyyenubie npu 9TOM 3HayeHua agcopounu T npu 10 Mon. % AoOaBaaembIx 
OKHCJIOB IpHBesenbl B TaGn. 1. Tam xxe aHbl MOBeEpXHOCTHbIe KOHIMCHTpaluH 
(Ns) OKHCJIOB, BbIYHCJIeHHbIe 110 BesIMudHaM I’ HM TeOMeTpH¥eCKH BO3MOXKHBIM 
qucmam Mose (n) Ha | cm*: T=n(N.—N). Bo BTopoM cJjlyyae 3HayeHHA 
N, ompefesaucb 10 H3MeHEHHIO 3a- 
pana (Aq) mopepxHocTH B Mpemno- 
Conocrasienue senuun N,, BRIuCMeHHBIX JIOKeHHH, TO ABOMHOH CON Ha 

no A an Ag, NOBeEpXHOCTH GOJIM30K K IWJIOCKOMY 
KOHJeHcaTopy. SHaa BewMuHHy Ag, 


il avO Miata ck 


; P-10!%Momp/em? | NV Nhe u mpuHumaa C= 15md/cm? (**), 
See (no o) (10 8) |(n0 co NoiMs NO YaHM: 
cs0 |0,4] 2,45  |0,436 0,0228] 0,052 Ag = Ae,C, 
K,0 0,4] 3,18 0,415 |0,0112/0,027 oTkyyla 
Gah, 10,1) ee 0y52 0,072 |0,0003) 0,004 No oe 
pee ee 


2nN oe ~ 


Snecb N,—uncno Aporanpo, e—3apay 2eKTpoHa, a JBOMKa yUHTbIBaeT 
YHCIO HOHOB B Mosiekysie Me,O. 


Kak BHJHO M3 JaHHbIx TaOm. 1, 3HaueHua Ns, BO MHOTO pa3 MeHDbIlle, | 
‘em Ns, 4TO BPA JM MOXKHO OTHECTH 3a C¥eT OWIMOOK H3MepeHHH WIM NpH- | 


6M2KCHHOCTH pacueToB. OTMeyeHHOe pacxXomKeHve BeJIMUHH N, u Ny, cBuze- 
TeIbcTByeT, UTO HOHbI Me*, nonmayqatoulue B JBOMHOM COM, 3aMelllaoT TlaB~- 
HbIM OOpa3s0M KaTHOHbI HHOOMA, pacmoviOxKeHHble TrayOwKe OT MOBepXHOCTH, 
4YeM aHMOHbI KuCOpogza. JInuIb HeOombulad YacTh wMoHOB Me” spirecHse - 
aHMoHp! O® c nopepxHoctTu. JipyrumMu cmoBaMu, aqcopOu“poBaHHble OKHCJIbI 
Me,OQ OpveHTHpOBaHbI K MOBePXHOCTH B OCHOBHOM aHHOHaMM KUCOposa u 
TOJIbKO B He3HauHTeIbHOH cTemeHH KaTHoHamu Me*. AnanorMunHad KapTHha 
HaOlofalacb (7) H B BOJHBIX pacTBOpax, Tye takTHYeCKMH MOTeHIMall fs 
ObIJI Tak2Ke MeHbINe BbIUMCICHHOFO JIA NOHO OpHeHTauu AMTOVeN. 
MuTepecHO OTMeTHTb, TO CNOCOOHOCTb K 3aMeUeHHIO aHHOHOB O? mMayaeT 
ot Cs*k K* um mpaxtTuyecku ucuesaeT y Ca?* (cm. Ta6a. 1). MHaye ropops, Ona | 
yMeHbllaeTCH C yBeJIMYeHHeEM HX IIeCKTPOCTAaTHYeCKOrO NOTeHIMaa. 
TpyaHOcTb BbITeCHEHHA MOHOB KHCMOpoqa Cc MOBepXHOCTH pacmaBa 
oOyc1oBIeHa HX JerKOH Tomapusyemoctpto (°). OnHocTopoHHad JepopMalua | 
9I€KTPOHHOrO OOaKa aHHoHOB O7- KaTHOHaMH HHOOHA, paciOuIOx%KeHHbIMH | 
HECKOJIbKO J{aJIbllle OT NOBepXHOCTH, MPHBOAUT K 3HAYHTebHOMY CHHXKeHHIO 
apPekTHBHOrO 3apsAya MOHOB KuCIOpoga (HampuMep, Cc 2e Jo le). IpH stom sHep- 
TMA CBASM WX C MOBEPXHOCTbIO OKa3bIBaeTCA CPaBHHMOH HM Jake HeECKOJIbKO 
MeHbleH, 4eM y OOJIbIIHX OMHO3APAMHbIX KATHOHOB We3HA MH KaJHA, 


VucrutyT meraiypruu Tlocrynuaio 
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PHSHIECKAH XHMH fA 


M. b. HEAMAH, B. b. MHJWIEP, FO. A. WJISTHUKOB u E. C. TOPCYEBA 


3ABHCMMOCTb NEPHOJA HHAYKUHH OKNCIEHUSA 
OT KOHUEHTPAWHH AHTHOKCHJAHTA 


(I1pedcmasaexo axademuxom B. H. Kondpamveeoim 29 VII 1960) 


3a 45 sleT, MpOuleqUINX CO BpeMeHH OTKpbITHA aHTHOKCHAanTOB Mypo u JIo- 
peccOM, MOABHJIHCb MHOPOUHCJIeHHBIe paOOTbI, MOCBAILeCHHbIe HCCJIeOBaHHIO 
€XaHv3Ma UX JelCTBHA (OCHOBHbIe paOoTbI 10 HHrHOHTOpaM- OKHCWIeHHA CH- 
reMaTH3HpOBaHb! H OOOOUeHbI B OG30pe (')). 

OjHakO BOMpOc O 3aBMCMMOCTH NepHosa HHAYKUMM OKUCJICHHA OT KOHUeHT- 
alMH AaHTHOKCHaHTa WCCJIeq0BaH HegocTaTouHoO. By paOorax no nowMepHsa- 
Hu (*) Mpesqnouaraiocb, TO 
@KTY CKOPOCTbIO HHHIMUpO-) vy 
AHUA W;, MEPHOAOM HHAYKUMU 
M KOHUeHTpallweh UHrHONTO- 

a x CylecTByeT 3aBHCHMOCTb 


— 4/0; (1) 


opmy.1a (1) mpeanosara- Puc. 1. Bo3pactaHue KOHWeHTPaliuH aKTHBHDBIX IeH- 
f JIMHEMHOG BOSPaCTaHHe II€- ppop*co BpemeHem§npu peakiMH OKHceHuA B TIpH- 
MOA WMHAYKUMM CKOHIIGHTPa- cyTCTBHH pasmM4HbIX JOOaBOK aHTHOKCUZaHTa. 0 — 
Met uHrMOuTopa. IIpupeyen- 83 AobaBKu; J— AoGaBKa %; 2—2%; F—3 Xo, 
ai @OpMysla uacTO MpHMeHsA- SE ae aE 
[CA TaKKe JIA OlpesesenuA 
KOPOCTH MHHI[MMpOBaHHA Mp OKMCJICHHH YIJIeBOJOPOAOB B XKUIKOK dase. 

JImmuih HeqaBHO TosBUsacb padora (*), B KOTOPOH Oblio NOKa3aHO, YTO NpH 
KMCJIGCHHM KaydyKa Nepvo HHAYKUMM pacTeT JIMHeHMHO B 3ABHCHMOCTH OT KOH- 
CHTP aH AHTHOKCHaHTa JIMLIb JO HEKOTOPBIX, He OUCH BICOKUX KOHIeHTpa- 
Mu mocnequero. Tipu panbueliiem yBeJIMYeHHH KOHWeHTpalun wurMOuTopa 
MHelHaA 3aBHCHMOCTb MepectaeT COOIOMaTbCA, TaK KaK CaM HHTHOUTOP 3a- 
eTHO OKHCJIA€TCA H HAYHHAeT HIPaTb PONb HHUUMAaTOpa. 

Bompoc 0 BAHAHHH Ha MepHO HMHAYKUMH OKHCJIeHHA OYeHb MaJIbIX KOH- 
eHTpallMH AHTHOKCHaHTa JO CHX MOP He UCCeqOBaica. ** 

Kak H3BeCTHO, peaKI[HH OKHCJIEHHA B Tras0BOH, *KHAKOM u TBepLOH ca3zax 
LYT B COPMaCHH C LeMHO TeopHeli BLIPO*KeHHOrO B3pbIBa, pasBuToH H. H. Ce- 
eHopbim (*). KOHMeHTpallHt AKTHBHbIX WeHTPOB fN BO3pacTaeT CO BpeMeHeM 
O 3aKOHY 


re 


a 


"dn . « 
tap We + ON, \- 


DS 


aa 


le ~— akTOp aBTOyCKOpeHHA. 

Ec K OKHCJIAIOUeMyCA BellecTBy OOaBJIeH B KOHIWeHTpallu X AHTHOKCH- 
aHT, KOTOPbIM OOpbiBaeT WelH, TO peakIlHA OyfeT OMHCbIBATBCH CHCTeMOn 
paBHeHui 


| at = w; + on —kxn, (3) 
dx 


4” 


Syecb k — KOHCTAaHTa CKOPOCTH \peaKUMH UHTHONTOpa C AKTHBHBIMH LeHTpaM 
IIpu 9ToM npegznowaraetca, TO B pe3ybTAaTe OOpbIBa LlelM Nowyuaetca cTaOHIE 
HbIM paMKaJl, WpakTHyeCcKH He OKAa3bIBaIOULH 

T BJIMAHHA Ha NpOTeKaHHve peak OKUCJIeHHA. 


pallHi0 aKTHBHBIX WeHTpOB v=n/wt,, KOHUeH 
Tpauwio aHTHOKCHJaHTa x= x/w,T, H BPeM 
§=t/t,. Torga ypapnenua (3), (4) mpHBenyte 


K BUY 
dn : 
; do = buv ( 


x 
9 Srech @= Ot), 0 = kw7. ; 
Dabs Sate [ip sHayenuax x,< a/b OespasMepHaa KOH 
HauabHOH  KOHUCHTpaluu [eHTpallWA AKTHBHbIX IeHTPOB (H CKOPOCTb OKHC 
es ames ea We JICHUA) BO3PaCTaIOT SKCIOHCHUHAbHO CO BpeMe 
HeM, KaK TOKa3bIBaloT KpHBbIe 0 — 2 Ha puc. I} 
Ec %)>>a/6, To BcKope yCTaHaBMBaeTcH HeOovbilad, NpHOAMSHTesb| 
HO CTAalHOHapHad CKOpOCTb peaKUMH, MpPHYeM KOHILCHTpallWaA AaKTHBHBI} 
ILGHTPOB 


yc=1/ (bx, — @). (7 
JIumb "Korga B pesymbTaTe pacxOJOBaHHA aHTHOKCHJaHTa sHayeHHe bx 


peakilMH HauwHaeT BO3pacTaTb, Kak 
MOKa3bIBaioT KpuBble 3—5 Ha puc. 1. mux 
O6bISHO KOHILOM Tepvojla HHAYKUMH 


CUHTaIoT BpeMA, Kora B cHcTeMe Ha- OP | 190° 
KallJIMBaeTCH 34METHOE KOJHUYECTBO TIpO-  f 

AYKTOB peaKUHH, 4YTO OTBeYaeT HEKO- & S 
TOPOMy 3Ha4YeHHIO V= Vy. STO 3HAyue- 199 

Hue Vv; Ha puc. | NoKa3saHO MyHKTHp- 500° 


HOH JIMHHeH, aOclHccbl TOWeK Tepe- 
ceyeHHA KOTOPOH C KpHBbIMH Vv = f (8) a 
ONpeeAIOT BeEMMUHHbI NepHOOB UH- 710° 
AYKUMH TPH pasJIMUHbIX JOOaBKax xX, 
AHTHOKCHaHTa. 
IloHATHO, UTO TPH MambIX 3HaNe- g Fi ? 3 G10 Tani 
HHAX %, MepHOX MHAYKUHH U3MeHsAeTCA an a 
CPaBHUTeJIbHO MeJVJICHHO, a IIpu 6ONb- Pye. 3.23aBHCHMOCTb NMepHoya WHY KUN 
IUMX — Topasqo ObicTpee, KaK MOKA3aHO Mp TepMooKHCAMTeMbHOH — pectpyKunI 
Ha pwc. 2. 37ecb yuacrok AB orpe- ouuMpomMzeHa B saBNCHMOCTH oT 106aBKHT 
uaeT sHaveHMam x, <a/b, a yaactoK S87HOKcHauTa. Bo Bcex omsrax po, 
BC — 3nayenusm x, >a/b. B geiicr- Se Lue , 
BUTCJIbHOCTH MMeeT MeCTO MTaBHBIl | 
nepexoy npsmoli AB B npsmyro BC, Kak moKka3aHO Ha PHCyHKe NYHKTHPOMY 
J, NpOBepKH MpHBeLeHHIX BHIBOMOB MbI NpomeadH pa CepH ONbITOB NC 
ONpeeeHHIO NepHOJOB WHAYKIMM pH TeEPMOOKUCJMTeIbHOK JeCTPyKUHH M0; 
JIMMpOnwieHa B NPHCYTCTBHM pa3IHUHbIX KOHIWeHTpalHW pALa aHTMOKCHAAH> 
TOB — IIpOH3BOQHBIX (eHOa HM apOMaTHYeCKHX @MHHOB. 
Bo Bcex nccmeqopaHHbIxX cmyyaaix, B COriacHH C IipHBewqeHHbIMH BbILe 
coo6paxkenHamnu, TIpH OUeHb MAaJIbIX KOHICHTPallHAX xX MpPOMSBOAHaA dx/dx 
HM€JIa Majloe 3HaveHHe, pe3KO BOspacTanH TPH Goulee | BbICOKUX » KOHLEHT Dae 
IHAX X. : H, ' . 
/lna mpumepa ua puce. 3 TIPHBEJEHbI Pe3yAbTATHI HALWHX ONLITCR NO Cupere 
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JI@HHIO NepHOROB HHAYKUMH OKHCJICHHA paClJaBJIeHHOTO NOJHNpONHeHa B IpH- 
CYTCTBHH pa3JIHYHbIX OOaBOK aHTHOKCHaHTa A: 


OH OH 


| | 
(Clis)¢ C=" N2 CH =? \—C(CHs)s 


Rene 


© 


| 
CHs CH3 


OnbITbI MpOHSBOAHJIHCb Ha CTATHYeCKOH yCTaHOBKe Mp WaBsieHnnn KUCNOpOna 
p = 300 mm. Metoquka onbitop onucaHa B paoote (°). IIpH H3amMeHeHHH 
KOHUeCHTpalluH AaHTHOKCHaHTa OT Hya nO 10° mMowb/Kr NepHoy HHLYKLHH + 
BO3pacTaJI OUeHb MeeHHO. IIpuH JanbHeHWIeM NOBbILIEHHH KOHIGHTPallHu HE- 
ruOuTopa HakJIOH KpHBOli t = f (x) pesko BO3pacTaeT, MPHueM MPH NOBbILIeHHH 
TemiepaTypbl To¥Ka MeperHGa cyBuraetcA B OOMaCTh GOviee BBICOKHX KOH- 

UeHTpalHH AHTHOKCHJaHTa, 
— Haksonpr dt/dx B OOaCTH MaJIbIX KOHUCHTpalWH aHTHOKCHZanTa mpH 190; 
200 u 210° Obtmu paBHb cooTReTcTBeHHO 10°, 3-10° wu 2-10° cek-kr/Moub. 
IIpeqesmbuble 3HaYeHHA ZSTHX HAKJIOHOB MOMKHO BbIBeECTH 3JIEMCHTAPHEIM NyTeM 
M3 ypaBHenua (3). Korga x) Mao, MO0%KUB xX, = COnst H NpOHHTerpHpoBaB 3TO 

ypaBHeHHe, MbI NOJyuYHM 
ii i ; 
N= ——— leh) t (5) 
@~ — kXxo 


Kak 9TO ObIJIO CeaHO OJHHM M3 Hac B padoTe (°), MOAHO NOJOKHTb, YTO 
B KOHIe NMepHoyqa HHAyYKUMH + 2 = const, YTO NPHBOAHT K NpHOHKeHHOMY 
y CJIOBHIO 


(@— kx,) t = const. (*!) 


Korga x, = 0, t = %,), MH MbI Togyuaem: 


1h R \ Rt 
zs ee —— Uy ( aia @ Xo) = Ug) aio — Xo. ( LQ) 
a Ny ; 
© 


Takum O06pa30M, npesebHble HAKJOHbI KPHBbIX Ha PHC. 3 NP MaMbIX 3Ha- 

YeHHAX X, MMeIOT 3HayeHHe kt,/~. I]pH Temnepatypax HalHx onpitos 190; 
200 wu 210° «) HMeeT 3Hauenna 720; 600 u 480 cex., a @ 0,015; 0,027 
H 0,037 cex"’. Hicnomb30bnaB npHBemeHHble BbIle MpeseJbHbIe 3HAveHHS Ha- 
KJIOHOB, Mbl HaHJeM, 4YTO 3HaueHHA k PH YKa3aHHbIX TeMMepaTypax PaBHbl 
cooTBeTcTBeHHO 21; 14 u 15 kr/mMomb-cek. STO 3HAUNT, YTO SHEPHA AaKTHBA- 
HM W CTepHyecKHH @akTOp peaKUHH aHTHOKCHaHTa C aKTHBHBIM WeHTPOM 
BeCbMa MAJIbI. 
_ PaccMoTpHM elije HakJIOHbI KpHBbIX t = f (xX) Ha puc. 3 NpH CombWiHx 3Hade- 
HHAX xX. OTH HakOHbI pH 190; 200 u 210° papner cootBetcTBeHHO 6-10”; 
2-10° uw 10° cek -Kr/Monb. IIpenenbuce 3HayeHve HaKJIOHA MIpH 39TUX YCOBUAX, 
Kak CuieqyeT 43 @opmyvibt (1), paBuo I/w;. Otctoqa BHAHO, YTO Tipu ACCeLOBaH- 
HbIX HAMM TeMMlepaTypax w; usmensetca oT 1,6-10-% go 10-10°7 moub/Kr-cex. 
STO OTBeYaeT 3HAYEHHIO 9HEprHu akTHBawMH OKONO 40 OCO Kkau/mMoumb. 

OOblyHO NPHHHMaeMadA PeakUNA HHHWHHPOBAHHA Mp OKHCeHHH yrvieBolo- 

DOJLOB 
RH*+ O2 =-R%+ HOO's 
Xapaktepusyerca KaK pa3 sHeprueH axTHBauHH 40 000—5O0 000 kan/Monb (’). 
1 IIpu vce slenoBanHn Pa3IHYHbIX HHTHOHTOPOB HX SG¢@eKTHBHCCTb MOKHO 
(paBHUBaTb MO BeNHYMHAaM KOECTAHT CKOpCCTH k, ONpefeseHHEIX Kak ObINO 
yka3ano Bbilue. T?@KMM MeTOJCM MBI NOK23aJ1H, YTO IPH MavIbIX KOHUeHTPauHAX 


J 641) 


N, N-besuuMkKJlorekcna-n-eHHsieHqHaMHH B Ka¥eCTBe AaHTHOKCHAaHTa WIA 
HOJMNponusieHa MpuMepHo B 2 pa3a GOomee a¢peKTHBeH, 4eM HHTHOUTOP 
okucsieHua A. 


MuctutyT XHMMNECKOH PU3HKH Toctynuao 
Akagemun Hayk CCCP 29 VII 1960 
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Jorxaagn Akagemuun nayx CCCP 
1961. Tom 136, Ne 3 


®HSHYECKAAH XHMHA 


Akxagemux AH BCCP M. M. MABJIIOHUEHKO wu E. A. NPOJAH 


‘O POJIM XHMUYECKHX HW KPHCTAJWJIMSAUMOHHbIX MPOLECCOB 
B OBPATHMbIX TOTOXHMUYGECKHX PEAKUWHNSAX 


TereporeHHble XHMHYeCKHe peakUHH, MpoTeKaloujve C yyacTHeM TBePJbIX 
Jl, BKJIOUaIOT, KPOMe XHMHYeECKHX MpOWeccoB, KPHCTaJWIM3aNHOHHble, CBA- 
IHHbIe C PpaspyleHHeM KPHCTaJIMYeCKOH PeWleTKH HCXOJHBIX BeleCTB H OOpas3o- 
1HHEM B OOJIBINHHCTBE CJIYYaeB HOBO KPHCTaMIMYeCKON pelleTKH MpOAyKTOB 
akuMH. B mocweqHeM CJlygae NpOWCXOAHT OOpas0BaHHe 3apObIllel HOBOI 
a3bI HW MX POCT. SaKOHbI, YMpaB/AIOWHe STHM MpOweccoM MIpH HaJIMYHH TBepLoii 
a3bl MATEPHHCKOTO BellleCTBa, H3 KOTOPOH B pesyJbTaTe XMMMUCCKOH peaKkILHH 
jpasyeTca HOBaA TBepfad (basa, HaM HeH3BeCTHbI. CoBeplieHHO He H3y4eH 
1K2Ke BOMPOC O POH XHMMYECKOFO HM KPHCTANNM3ZalMOHHOFO MpoOleccoB B Ha- 
1OaeMOH CKOPOCTH peaKWHH, HX B3aMMOCBA3H H BJIHAHHH KaxKOrO W3 HUX 
)yr Ha [pyra H Ha CyMMApHBIH poiecc. 

B cuy4ae OOpaTHMbIX peaKUHH, Kak NOKa3aHO Ha pPeaKWHAX pasJIOKeHHA Kap- 
yHaTOB (*-’), KpHcTasmoruazpatos (81°) Hw Ap., XapakTep KHHeTHYeCKHX KpH- 
IX 3ABMCHT OT TOO, Ha KAKOM paCCTOAHHH OT paBHOBeCHA IpoTeKaeT peakUHA. 

BaKyyMe pa3JIO%KeHWe HaYHMHAeTCH C MAKCHMAJIbBHOH CKOPOCTH, KOTOpaA 
TeyeHHeM BPeMeHH yObIBaeT JO HYJIA; BONH3H OT PpaBHOBeCHA MOABIAeTCA Ha 
DHBbIX CKOPOCTb — BP€MA MAKCHMYM, TO CBASBIBAIOT C TPYAHOCTLIO OOpaso- 
AHH 3apObleH HOBOH caspl. [losTomy Ha pacCTOAHHAX, HeaJIeKHX OT PaBHO- 
CHA, CKOPOCTb OOpa30BaHHA HOBOH (pa3bl MOET OKAZATLCA PellalouleH B CyM- 
apHOM Tpouecce TBepfopasHEIX peakwHi. Pa6ora o6pa30BaHHA yCTOMUMBBIX 
APOUbIMeH M3 rasoBOH Pasbl WIM PacTBOpa ONpeysesAeTCA, KAK USBECTHO, ypaB- 
>HHeM 


(1) 


3 KOTOPOrO CJleqyeT, YTO MPH MepecplilleHHH, PaBHOM eMHHHUe, padoTa paBHa 
-CKOHEYHOCTH, H, CIeOBaTeJIbHO, YCTOHUHBbIe 3apOMbIIH HOBO (ba3bl BO3SHH- 
aTb He OyIYT. 

BpIlscHeHHe pOJIH NepecbilleHHA, a CJIeQOBATeJIbHO, H KPHCTaJIJIH3alMOHHDIX 
DOWeCCOB B peaKILHAX MpeNcTaBIAeT 3HAYHTeEIbHBI HayuHbI HHTepec. He- 
oTOPbIe H3 ITHX BOMPOCOB MbI PaCCMOTPHM Ha peakWHAX, MpoTeKaloulHx o6- 
ATHMO. 

Ilycrb lipotekaeT peakuHa 

Ky 
Mee — Ay + B, — Q. 


CkopocTb ee paBHa 


V = KsS(f'(Por) — f(Pr)], (2) 


1¢ Por — paBHoBecHoe JaBseHue; P, — saganHoe japmeHue; f (Por) u f(PT)— 
JOTBETCTBYIOILHE KOJIMYeCTBA alCOpOHpoBaHHoro rasa. 
B nepBoM mpHOWKeHHH MO2XKHO MOJIO%KUTE 


f (Por) =@Pori ff (Pr) =e aPr; acl. (3) 


ANI 


* ‘ 


Jina cpaBHUTebHO HeOO/bwOorO WHTepBawia TemnlepaTyp MO?KHO IIPHHAT 
Pi = Ceres ( 
CKOpocTb peak 
VieikS. VK 2 kao iCien eee Per ‘(2 
Tlonctapais BMecto K ero 3HayeHHe K°e—%RT, pmecto Ky BewJIHUHH 
Rie ee, MW Mouiaras,; yTO a = ageVR™ y n He 3aBMCAT OT TeMIepaTypbl, Ov 
yaem mpH P® _ Q 


M1 = 42+ nQ—A. t 
Tipu n= 1 nojyuaem ypaBHeHuve gy = qg-+ Q-— AB OCTabHBIX cayyan 


qi < Ga QV ( 
PaccMOTpHM elle JBa cylyuas. 
Cayuanh 1. Peakuus mporekaeT Mp MOCTOAHHOM TlepeCbILeHHH HJ 


HeJOCbINeHHH H pa3sHbIx Temnepatypax. B stom cyiyyae 
P n 

Ea 0 nh 
K = K,a|($%) —1} PF. ( 
Tt | 
Ec.im repecbilenve pW pa3HbIx TemmlepaTypax OcTaeTcs TMOCTOAHHBIM, T( 
Pag 
= = Collet. (8 


1 


IloycTaBJiad B ypaBHeHne (7) BbIpaxkenue (8) u BMecto K, K, u Po, u 
3HaYeHHA, Momyyaem 


C1 pA Q/RT 


K° e WR if ib kK? peer 
= const 


a{const — 1] (9 


oTKyjja 
qi = 42+ 0Q —k, 


TakHM OOpas0M, SHEprHA aKkTHBalWH, HalieHHad M3 CKOPOCTH peak 
IPH pa3HbIX TeMMepaTypaxX H OJMHAKOBBIX TePecbINeHHAX ABJIACTCA BEL: 
HOH TOCTOAHHOH, He H3MeHsAIOMeHcA IpH Apyrux 3HaveHHAX MNepecbIleHHna 
H paBHa SHEP aKTMBAaMMW passOKeHHA B BakyyMe (ypaBHeHne (5)). 

Caoyuah 2. Peaxuua mporeKaeT pM pasHbIX TeMMepaTypax uM omMHa 
KOBOM JlaBJIeHHH rasa. B 3TOM cilyuae 


Gh Ge d n_ —nQ/RT n nr 
RT2 ae RT?2 r Abie In (C e€ Pe) RT2 am 
UNG eee Chee r 10 
Ri aie (Ce RS pr) a ae ( ; 


Hi3 ypasnenus (10) cnegyer, uro mpu P? =O, T. e. Korga pa3znomKeHne 
lpoTeKaeT B BaKyyMe, MOy4yaeM ypaBHeHue (5). 


Korga Pr > 0, nonyaaem 9, > q2+Q—4, u Korga Pr = Pr, 
Gidea OC. ; (Li 


CileQoBaTeIbHO, B 3aBHCMMOCTH OT MCXOQHOTO aBeHHA rasa 9HEPrHA aK- 
THBaAWHH MOET H3SMCHATHCH OT gy + NQ—d (5) no GeckoneunOcTH. 

Jina MpoBepK H310%eHHBIX BBIBOJOB HAMM JleTabHO H3yueHa KHHETHKA 
Pa3sO*KeHHA KapOOHaTa KaMHA B BaKYYMe, IPH NOCTOAHHHIX RaBmeHuAx CO,, 
PaSHbIX TeEMNepaTypaxX WH pasHbIX Nepecpinenuix. Tlepecpumenve Hu TaBseHHe BO 
BPeMA PeaKIMH OCTABaIHCh MOCTOAHHBIMH. 


bo2 


a 
] 


PesyJibTaTb! HalIMX M3MepeHHit Noce HX OOpaooTKH MpHBeyensi Ha puc. | 
2. Kayan 43 KpuBbix puc. | NomyyeHa TIp¥ MOCTOAHHOM JaBlenuH, HO pa3- 
IX TeMMepaTypax, a Kamat U3 KPUBbIX pHc. 2 — MIpM MocTOAHHOM Mepecni- 
eHHH HW pa3HbIX TeMnepaTypax. 

Ta6nuna 4 


COs MM 0 ray wilt) 100 200 400 600 755 
g, KKan/Momb 36 65 68 77 85 107 140 460 
ay b 10 100 1000 NN 
Pco,/Pco, ; ! 10000 

q, Kkan/Monb 39 43 43 36 36 


BpluwcuieHHble H3 KpHBbIX pHc. | HM 2 3HaveHHa | SHEprHH aKkTHBALLUHH 
yuBeneHLIB TAG. 1. J,aHHbIe TaOMbl HaXOAATCA B MOJIHOM COOTBETCTBHH C 


1400 


lle py sions 
oo 78 1800 
Tl 3 7 = Saar 


1 46 
re -10°— 
ae 1600 ‘1700 


Pue. 1. SaBucuMocTb sorapudmMa KOH- Puc. 2. 3aBuHcumocTs Jora- 

CTaHTbI CKOPOCTH pa3loxwKeHHA Kap6o- pudmMa KOHCTaHTEI CKopocTH 

HaTa KajMHA OT TeMMepaTypbl mp JaB- pa3moxKenus KapOoHaTa 

JI@CHHAX YIIEKHCOrO raza (MM PT. CT.): KaJMHA OT TeMmilepaTypbl 
J —0; 2—1,5; 3 —10; 4 —100; 5 — pH mepecpimeHusx. 

POO sO 4005 7— G00; 6 755 Por COs): 210. 

3 — 100; 4— 1000; 5 — 

10 000 . 


3JIOXKEHHBIMH TipecCTaBsieHHAMH. BmecTe C TeM OHH MOKa3bIBaIOT, YTO IPH 
epecbileHHax O5—10 000 HalifeHHble KOHCTaHTbI CKOPOCTH peaKILHH UH 9HeEpPrHA 
KTHBallHH He CBA3AHbIC KPHCTaJJIH3alHOHHbIMH IpoleccaMH, MoTOMy 4TO paOoTa 
Opa30BaHHA 3apOmbIllieH 3aBHCHT OT MepecbIeHHA, TOra Kak HalijeHHad HaMH 
HeprHA AKTHBAILHH OT Hero He 3aBHCHT. 

Tak KaK KPWCTaIH3allHOHHbIe Mpolecchl B OOpaTHMbIX peaKIHAX B O6- 
aCTH YKa3aHHbIX MepecbilleHHii He OKA3bIBalOT BJIMAHHA Ha KOHCTAHTy CKO- 
OCTH HW 3HEprHio aKTHBAaHH, TO, TeM Oovlee, OHH He OJDKHbI OKA3bIBaTb BJIMA- 
HA B HeEOOpaTHMbIX TOMOXHMHYeECKHX PeaKUHAX. 


Besopyccku TocyapcTBeHHbIli yHHBepcuTeT Tlocrynnsio 
um. B. HM. Jlenuua 17 IX. 1960 


WMTHPOBAHHAS JIATEPATYPA 


1K T, Xomakos, C.°Oo. Apop.ckaa, B. A. Apbys3o08, Yu. 3an. Mock. 
Hus., xuM., Ne 6, 77 (1936). 2 O.A. Ecuu, Il. B. [Teapby, Onsnueckaa xumua nu- 
OMeTaJIJypruyeckKHx mpoweccop, 4. 1, CBepfmoscek —M., 1950. % J. Zawadzki, 
‘estlar. Tillagnad, J. Arvid Hedvall, 1948,611. *J. Zawadzki, S.Bretsznaj- 
er, Trans. Farad. Soc., 34,95! (1938). ®°J. Zawadzki, S. Brétsznajder, 
B. phys. Chem., 22, 60, 79 (1983). °J. Zawadzki, S. Bretsznajder, CR, 
b4, 1160 (19382). *7S.Bretsznajder, Roczn. Chem., 12,799 (1932). § W.E..Gar- 
‘er, Trans. Farad. Soc ,34,940(1938). ®M.Volmer, G. Seidel, Zs. phys. Chem., 
1179, 153 (1937) 1B: To pele y, Ms Le Smith, Js Chem. Soc’, 1935, 321. 
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Jloksxanp Akawemun nayr CCCP 
1961. Tom 156, Ne 3 


PHBHFTECKAA XHMH 


0. C. NONOBA u A. T. CAHDKAPOBCKHH 


K BOTIPOCY O BJIMAHHM KATOMHO BOCCTAHOBJIEHHOLO 
BOJOPORA HA CBOHCTBA METAJIJIOB 


(IIpedcmaeaeno axademuxom IT. A. PeduxOepom 26 VII 1960) 


C ueiblO u8yYYeHHA MeXaHH3Ma BO3JeHCTBMA BOMOpOMa Ha MeXaHHUECKH 
CROMCTBAa MeTAJJIOB MbI H3YUaI BIMAHWe KATOANOM TomApHsanun Ha usMeHe! 
HH€ HEKOTOPHIX CBO/CTB MpOKaTaHHbIX %Kele3a HW HUKeJIA WM SJIEKTPOJIMTHYE) 

cCkOro HUKeJid — MaToBord 

ie y u Oectaujero. Katoquas 
NOAPH3alNA MpoBo_Msach 

B 10% H,SO, c g06aBKo}| 

0,1 r/n NaS mpu nuaott 

HocTH ToKa 100 ma/cm? ¥ 

Temlepatype 20—25°C. | 

[eae ERG IIpuH uccuieqoBaHHAXx Hc | 
( TIOb3OBaIHCb CIE YIOULHE 


A pid SB o goes MeToybl: 1) guddy3sua Bos 


fps Ste } 

0 12345678 910 1517 18792021 2223 mun, AOpona wepes MMapparmy} 
= 2) usrHO6 MOHO- uM Onna} 

Puc. 1. Kpuppie nporu6a nacruH npu KatToguol no- CTHH IpH NOJApPMSallHy C OF: 


aspusauin: { —.xene3o, 2 —HHKewb mnpoKkaTaHHbii, HOH CTOpOHE! (*) (KpHBbIE 
3 — HKelb SvleKTposHTHUeCKHit (cTpeiKol o6osHaveH ff = }(<)), MOMYYeHHBIe STUN 
MOMeHT BBbIKJIIOUCHHA TOKA) MeTOJOM,  TIPHBeJeHbI Hal 
puc. 1); 3) onpeyeseHve BO+4 
JOpO4a MeTOJIOM SKCTPaKWHH B BakyyMe; 4) pentreHorpaduvyecKHH anamu3) 
5) onpefeseHve MpOYHOCTH TO HU Toce KAaTORHOH (nomApUusalUuH. } 
TIpu uccnenopaHuu Audppy3Hu BoLopoya yepes mpoKkaTaHHbIM HAKeIb ObII0 
yCTaHOBJIeHO, YTO BOLOPO MPOHHKaeT B META Ha rsiyOuHy, He MpeBbILWaloull yo 
30 1, H COsqaeT BHYTPeHHHe HallpsAKeHHA MopsAyKa 10 KI/mm?. B mpouecce Ha 
BOJOPaKUBAHUA HHKeJIb IpHOOpetaeT XPYNKOCTh *, W MpOUHOCTh eFO CHUKaeTCA 
Tloce BbIKJIOUeCHHA TOKa MOJAPH3alHH BHYTpeBHue Hallps2xKeHHA MOHOCTHIO 
CHUMAIOTCA, YTO CBHJeTeNbCTByeT OO OTCYTCTBHH MacTHyecKO jedpopMalHny 
(puc. 1, 2), HO MeTasuI Nocie CHATHA HalpAxKeHHH OCTaeTCA XPyNKUM. 
Tlocie BbIqepxKKH Ha BOZLyXe B TeyeHHe 60—70 yac. xpyNKOCTb ucuesaerT. 
3a 9TO 2%Ke BPEMA BeCb OKKJIONMPOBAaHHbIN BOAOPO yXOLHT u3 MeTama. 
Pentrenorpaduyeckne HccleloBanua OOHapy2xKuIM juCneprupoBaHHe 3e~ 
PeH, MPOucxosslee B Mpolecce HaBowopaxKuBanna (puc. 2). IIpounoctp HH- 
KeJIA MOCe€ HaBOJOpaKMBaHHA OKasamacb’ Ha 5—6% Goble HCXOLHOH. 
Hccneqopanve nuddbysuu Boopora Yepes SJIeKTPOHTHYECKMe OCARKM Ma- 
TOBOFO H OJIeCTALErO HUKeJIA MOKAZAIO, YTO}B SJIEKTPOMMTHYeECKH HUKeJb BO-| 
nopoy Audpbyusupyer Opictpee u rayOxKe, YeM B HHUKeJIb mpokaTaHupit. B cBoro} 
ouepelb, B ONeCTAMIHH HUKeJIb BOLOPOA NpOHMKaeT ObicTpee, 4YeEM B MAaTOBBIH.| 
OxkkuloqupoBaHHbiii BOJOPOR CosaeT B OCAIKAaX HHKeJA BHYTPeCHHHe! HalipAxKe- 


* Tak Kak HHK@Jlb OXPYMUMBAeTCA JIMIUb Ha PIyOHHY MpOHHKHOBeHHA BOZOposa, a BOLOpor 
NpOHHKaeT Ha BeCbMa MaJlylo PyOHHY, TO MPH HCHOb30BaHHH TOJICTHIX MaCTHH HUKeIA H3Me- 
He€HHE XPYyMKOCTH MOKEeT OCTATbCA He3AMCUCHHBIM. 
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Puc. Dye PentTrenorpaMMbl HHKeJIA: QA — lO HaABOJOPaxKHBaHHd; 6 — mocue 
HaBOLOpaKuBaHNhA 


a O 6 
Puce. 3. QAeKTPOMHTHUeCKHH HHKe@JIb: ad — B Iipolecce MOJAPH3SalWHH , 
0-— cpa3y NOCe CHATHA NOMAPH3SAalNH; 6 — ToCJle BbIZepxKKH Ha Bo3sAyxXe 


Puc, 4. Keneso: a— 0 HaBosopaxkuBaHHsA; 6 — mocae 
HapoyopaxkKuBanna. 225 < 


j 


“HHA TakoxKe nopsyka 10 kI/mM?. B mpouecce HaBogopaxuBaHHA OCaKH pacTpe- 
-ckuBarotcs (pic. 3, a). IIpu BpikmoueHuM TOKa NOApHsallHH NpOMCXO_UT UH- 
TeHCHBHOe BbiJeeHHe BOLOpOMa H3 MeTaINAa, IPH STOM BHYTPeHHHe HallpsxKe- 
HMA CHHMalOTCA (puc. 1, 3, yaacToK a6), OMHaKO OCaqOK OcTaeTCA emje xpym- 
KHM *. Ilocae BbIyepoKKH OCaKa Ha BO3—yxe B TeyeHHue 60—70 ac. BeCcb OK- 
KJIOJHPOBaHHBIH BOROpOA yXOUT H3 MeTaa WH XpyIIKOCTb OCamKa ucuesaeT 
(puc. 3,6). 

_ [Ipounocrb 9u1leKTpoOmMTHYeCKOrO HUKeJIA NOce CHATHA XPyMKOCTH OKasa- 
JiaCb MOBbILWeHHOH Ha 15—20% no OTHOWeHHIO K HCXO_HOH. Peutrenorpaduye- 
cKOe HCCJIeqOBaHHe OOHAPYKUJIO pacluHpeHHe JHHHH Ha PeHTTeHOrpaMMaxX OT 
OCaJKOB HHKeJIA TMOCIe HaBOLOpaxKHBaHHA. 

_ IJpu uccneqopannuu puddy3un Boxopoka yepe3 xese30 yCTaHOBJIeHO, 4TO 
BOMOPO WOCTATOUHO ObICTPO NPOHHKaeT Ha 3HAUHTeIbHYIO TwIyOHHY MeTawa. 
Hudbby3ua poyopoya B xese3e CONPOBOKMAeTCA CO3MaHHeM B HEM HalipsoKeHHH 
nopayka 15 kl /mm* (7), NOBbILeHHeM XPyIIKOCTH H JIOKaJIbHBIM pa3pyllieHHem 
(puc. 4). [pu 9ToM B x%Kene30 BKIOUaeTCA 3HAYHTEJIbHOe KOJIHYECTBO BOROpOa. 
OnpiTb! M0Ka3aJIH, YTO TIpH BbILep2%KUBAHHH HABOMOPOXeHHOTO Kese3a Ha BOS- 
‘Ayxe Bogopoy 3a 6—7 cyTOK CaMOMpONsBOJIbHO yXOUT U3 MeTanua. Hsmepenne 
MpOuHOCTH NOKasasio ee CHHXKeHHE MOcNe HaBOLOpaxkuBaHHA Ha 15—20%, ko- 
TOpoe HMeeT HeOOpaTuMbI xXapaxtep. Mccs1eqoBanne xeesHOH (ONLI Ha U3- 
rHO (aucO NeperHOoB 70 pa3pylieHHA) OOHAapyXKHO, 4TO HeMOcpeyCTBeHHO 
Nocie HABOJOPaKHBAHHA HOLra BbiepKUBaeT Ha 6(0—70% Meubile MeperHOor, 
qeM JO HaBojqopaxkuBaHHa. Ilocwe BbIZepxKKH Ha BO3AyXe, HECMOTPA Ha NOVI 
yxO BOWOPOa 3 MeTasIa, IPOUHOCTh Ha H3rH6 OcTaeTCA NOHWKEHHOH Ha 50% 
10 OTHOIWeHHIO K HCXOJHOH, T. €. CHHXXCHHE MPOUHOCTH HMeeT JIMUIb YaCTHYHO 
OOpaTHMbIH XapakTep, 4TO CormacyeTCA C JaHHbIMH MO H3MeCHEHHIO IIpOUHOCTH. 
PentrenorpadpuyeckHe HccCuIeqOBaHHA He OOHAPy2XKHJIH H3MeHeHHA TMapameTpa 
KPHCTaINMYeCKOH pelleTKH Kevlesa. 

Takum oOpa30Mm, NpopeyeHHble HCCJIeOBaHHA OOHApyKHVJIH, YTO B MeTAaUe, 
Ip Wuddy3Hu B Hero BOMOpPOa, OMHOBPeMeCHHO MPOHCXOAHT BOSHHKHOBeHHe 
BHYTPe€HHHX HallpsoxKeHHH WM CHHKeHHe MpounocTH ero. MexaHu3M 9STOrO Tpo- 
mecca MOMKHO MpewCTaBHTb CuJleyIOULHM OO6pa30M: Boyopon, AuddbyHAUpyro- 
ULHH B TOJMILY MeTasIa, HakallJIMBaeTCA B MOJIOCTAX BePeKTOB CTPyKTyPpbl, Co- 
3,aBad B HUX aBsenua nopsaKa 10 KI /mm?. J[pyras uacTb Bozopoxa aycopou- 
pyeTCad Ha NOBepXHOCTAX 9THX ePeKTOB, CHHKAaA UX NOBePpXHOCTHY!O SHEPrHto. 
[locueqHee IpHBOLUT K aycCOpOMMOHHOMY CHH2KeHHIO MpOUHOCTH MeTaJa. 

B cayuae, ecH MpOuUHOCTb MeTaIa 3a CueT acOpOuHH OyyeT CHMKEHA 
lO BeJIMYHHBI BOSHHKUIMX BHYTPCHHHX HalpxAKeHHH, MeTaJJI HauHeT paspy- 
WaTbedA (YTO WM HaOsMIOLANOCh MPH NOMAPH3alHH SIeKTPOMMTHYECKOFO HHKevISs). 
Ec BeJIMYMHa BHYTPeHHHX HallpAxKeHHH He NpeBblllaeT Mpeseda TeKyyecrTH, 
paspylieHHe MeTasma MpoucxoxuT 6e3 MuacTHuecKHx edopmMayni **. Ko- 
JIMYECTBEHHOe COOTHOIMeHHE MexKY MpoweccaMH pa3spyleHHA MeTaa NO 
BJIHAHHeEM OOJIDINHX JaBJIEHHH H B pe3yJIbTAaTe aJCOPOMWHOHHOTO CHWKeHHA 
MpO4¥HOCTH OT MeTasIIa K MeTAaJIJIY MOMKeT CHJIbHO H3MeHATBCA (2KeNIe30, HH- 
KesIb). Kpome Toro, B HEKOTOPbIX CJIyYaAX MOLYT MOABJIATECA JONOJIHHTeJIbHEIC 
MIpoleccbl B OJHHX MeTasIaxX, KOTOpPble He HaGwOMaoTcs B Apyrux. Tak, Ha- 
mpuMep, Aubdy3uA Bomopoya B HHKeTb CONPOBORKAAeTCA BWpodeHHeM 3epHa, 
TOrla KaK B *Kee3e NOWOOHoCe ABJIeHHe He HaOIOMAaOCb. 

AHaIH3 9KCIeCpHMeHTAaJIbHBIX Pe3YJIbTATOB MO AZH@py3uu BoRopoya B HU- 
K€JIb IPHBOJHT K BbIBOLY, UTO ONPeeJIAIOULy!O POJIb B CHH2KEHHH MPOUHOCTH HU- 
KeJid HPpaeT aycop6mHOHHOe CHHXKEHHEe MPOUHOCTH, 4a BHYTPeHHNe HallpAKeHHA, 
BbISBaHHBIe OKKJIOJ.MPOBaHHbIM BOJOPONOM, HrpalOT BTOPOCTeNMeHHY!O POJib ***. 
| f 

=) Il pouHoctTb SNeCKTPOJIHTHUeCCKOrO HHKe@JIA MpaKTH4eCKH PaBHa HyVJIIO, H ero MOXKHO PacTe- 


peTb B MopouloK (puc. 3, 6). 
** Tax, HalipiMep, HHKeJIb paspyllaetca 6e3 nuiacTHuecKHX JecopmallMii, a HsrHO H paspy- 
weHHe *Kenesa COMpoBomaercn MacTHyecKoli Aeopmaunel (puc. 1, 2 H J COOTBeTCTBeHHO). 
*** TIpounocts OulecTalero HUKeIA 0 HaBOJOpaxkuBaHHUA cocTaBasiia 88 KI /mm?. Pactpecku- 
BaHHe MpoucxogHo mpH ob = 10 KI /mm?. 


or 
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OnbiTbl WOKa3aJIH, YTO IPH BbIKJIOYCHHH TOKa MOJIApH3alHH BHYTpeHHHe 
HallpsoKeHHA, BOSHHKIIHe B HHKeJIe, NOJHOCTbIO CpaBHHTeJIbHO ObICTpO CHH- 
MalOTCA, a MeTaJIJI OCTaeTCA BeCbMa XPYMKHM HM HMeeT {MPpOUHOCTh, OH3Ky1O 
K HY. OTO yKasbIBaeT Ha OTCYTCTBHe CBA3H M@KLY BHYTPCHHHMH HalipAxKe- 
HHSAMH, C OLHOM CTOPOHBI, H CHMKEHHEM IIPOUHOCTH HM MOABJIEHHEM XpyNKOCTH — 
c apyrou. IIpu Bpiqep2xKe Ha BOSZyXe B TeYeHHe 3 CYTOK BOJOPOR H3 HUKeWIA MOVI- 
HOCTbIO CAMOMPOH3BOJIbHO YXOMHT, H XpylKocTb ucuesaeT. I]pounocTb Metanaa, 
OHaKO, He TOJbKO BO3BpalllaeTcA K HCXOQHOH, a BO3pacTaeT Ha 1O—20%. 
MoxkHo O6bIJIO TIpeMMOMOKUTb, YTO HCYe3HOBeHHE XPYMKOCTH HHKEeJA UM BbIXO]. 
BOMOpOLa ABJAIOTCH JBYMA He3aBHCHMbIMH MpoleccaMu, IpoOTeKalolwlMMH OHO- 
BpeMeHHO. B TakoM cyrydae TIpu ObICTpOM yaseHHH BOLOPOJa XPYMKOCThb AOMKHA, 
Obia Obl OCTATBCH. OKCMEPHMEHTH! NOKAZaJH, YTO ObICTpOe yaeHve BOROpoOMa 
43 OCalKa B BakyyMe 6e3 HarpeBa 3a Bpema 10—15uuH., Tak Ke Kak H AMTeWb- 
Had BbI-ep2xXKKa Ha BO3LYXe, MPHBOAMT K MCYe3HOBEHHWO XPYMKOCTH. 

Bee BbilllecKa3aHHOe YKa3bIBaeT Ha OJHOSHAUHYIO CBA3b OCTaloMlelica Xpyn- 
KOCTH C BOJOpOOM (ayCcOpOMHOHHBIM), MeWIeHHO, HO CAMONPOH3BOMbHO yXOjA- 
IMM H3 MeTasma. OOHapy2KeHHOe NOBbIMIeHHe MpOUHOCTH HHKewIA MOce Ha- 
BOLOPAKUBAHHA UH YaJleHHA BKJIOVeHHOrO BOOpONa, OYeBHAHO, COyCMOBMeHO 
aNCOpOMHOHHLIM JIMCHeprHpOBaHHeM 3epeH MeTaJa. ITO ABJIeEHHe M10 CBOeH NpH- 
pole, BEpOATHO, OH3KO K ABJI@HHAM, ONHCaHHBIM B paoore (°). 

AnajIv3 9KCIepHMeHTaJIbHbIX JaHHLIX MO HaBOJOpaxKHBaHHIO %Kesie3a NpH- 
BOQAT K 3aKJIIOUCHHIO, UTO B CHH2KCHHH eFO MpOUHOCTH H H3M€HEHHH CBOHMCTB 
OOJIbUIYIO POJIb HIpaloT aBJIeHHA, CO3qaBaeMble BOJOPOMOM B MetTasne. Tak 
Kak HeoOpaTuMasa epopMaluA pH wsrHOe, HeOOpaTHMOe CHHKeHHE NpPOUHOCTH 
Ha pacTsKeHwe HM U38rHO, HaJIMYHe MOKAIbHbIX paspylWieHHH — BCe STO pesyJb- 
TaT JaBJIeHHA, a He afCOPOMHOHHOTO BO3AeHCTBHA BOMOpOAa. STO Haxo_NTCA 
B COOTBETCTBHH C JaHHbIMH (*). 

Takum 06pa30M, H3MexeHHe CBOHCTB MeTaa pu AMdPpy3uu Bomoposa mpo- 
HCXORMT Kak 3a CUeT HallpAXKeHHH, CO3MaBaeMbIX BOJOPOOM, Tak HM 3a CueT 
ero ancopOuun. IIpu stom B HeKOTOpbIX Calyyanx adcdekT amcopOmMoHHOrO CHH- 
*KEHHA IPOUHOCTH MOXKeT OCTHraTb OFPOMHOH BeJIMUHHbI, HalpHMep JIA 
OCaKOB HHKeJIA OH COCTaBsIAeT 90% OT HCXOAHOH MpOUHOCTH HIM WarxKe Oosbuie. 

H30x%KeHHble JlaHHble yKJIafbIBaloTCA B [pefCTaBeHHA, pa3BHBaeMbie | 
I]. A. Pe6uunepom u ero cotp. (°), 06 aycop6lHOHHOM CHWKeHHH TpouHocTH 
MeTaJIJIOB OJ, JeEHCTBHEM MOBepXHOCTHO-aKTHBHbIX BeleCTB, B JAaHHOM CJIyuae 
ra3000p a3HbIXx. 


Unctury?t dusnyeckol XHMHH Tocrynusto 
AxajemuH nayk CCCP 14 VII 1960 


UHMTHPOBAHHAA JIATEPATYPA 


1A. T. Cahmapospcekuit, KOX, 34, Ne Q (1960). 27 M. Cmanopcxku i, 
3. HkaapeKkaa-Cma ion CK aa, Dionne MolmecK AG onl. Lil. ine 7 ei 
SE. T. ilykuu, H. B. Tlepnos, WO. B. Toptouos, Kpucrannorpabua, Ne 6 
887 (1959). “T. B, Kapmenxkxo, P. HW. Kipunakespuy, WAH, 120, No4 4 (1958). 
*B. H. JIiuxtmau, WW. A. Pe6ungep, Tr. B. Kapnenxo, Bansune TOBep X- 
HOCTHO-aKTHBHOH Cpesbl Ha Mpomeccel Rebopmanun metanioB, M3q. AH CCCP, 1954. 
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orsayqn Akagemun nayx CCCP 
1961. Tom 136, N 3 


PHSHYECKAA XHMHA 


JI. PAQWY, HW. MI. KPABYUYK uw P. E. MAPJAJIEMUIBHJIN 


TEPMH4YECKOE PA3JIOKEHHE HEKOTOPbIX OPTAHHYECKHX 
COEXHHEHHM B MPHCYTCTBHM AEHTEPHA 


(I]pedcmasaeno axademuxom HH. H. Cemencettm 14 VII 1960) 


Hi3yyeHue doToiu3a opraHvyeckHx coequHeHH, mMpoBeeHHOrO B pa3yinu- 
IX YCIOBHAX, MOSBOJIMJIO paspaOoTaTb MeTOX ONpeNeeHHA BeHYHH OTHOLIe- 
afl KOHCTAHT CKOPOCTeH HM pa3HOCTH 9HeprHil aKTHBAaIlMH KOHKYPHpyionlHx 
IEMCHTaPHbIX PaUKaJIbHbIX peakmHh (+). 


SS 


N 


tg CH,D/CH, 
S 


SS: 
Loey 


> 


No 
’ 
8 


° 500 600 700 600 °0 


uc. 1. TemmepatypHat s3apucumocTtb Puc. 2. TemmepaTypHad 3aBHCHMOCTb OTHOMIeHHA 

aCTIpeeeHHA pasiMYHbIx elitepo- CHsD/CHa B ombitax no nupomusy: | — qu-Tper.- 

sTaHOB, OOpasylouluxca npH nuponuse OyTHInepeKucu, // — aueroua, /// — qumetua- 
alleToHa ptytu, /Y — aueranbyerngza 


Ec W3BeCTHa KOHCTAHTAa CKOpOCTH MH SHEPrHH aKTHBAIMH OHOTO HS 
JICMCHTAPHbIX AKTOB, TO TIpeACTaBJIA€TCH BOSMO?KHBIM ONPEHeIMTb COOTBeTCT- 
YiOUlHe BeJIMYHHbI HW WIA Apyrux SJIeMeHTapHbIx PeaKIhH. OjHUM H3 Han6ouree 
acTO HCHOJIBSYeCMBIX C 3TOH ILeJIbIO H3BECTHbIM 3JIEMCHTapHbIM IIPOIECCOM AB- 
ACTCA peaKkKIHA palWKaJIOB C MOJICEKYJIAPHbIM JeHTepHem. 

B 9TOM Ciyuae CpaBHHBaloTtcA CKOpOCTH JBYX IIpOmeccoB, HallpHMep: 


R+RH—>RH+R; (1) 
: R+De>RD+ D. (2) 


Onpeleadt 3HauYeHHe OTHOWIeHHA “KOIMYeCTBa mposykToB RH u RD, 
\OpasyIOULUXCH IIpH pasJIMUHbIX TeMMepaTypax, H 3HaA SHEprHuto akTHBallHH 
[Ipomecca (2) (It MeTHJIbHBIX palHKaJIOB E.= 11,7 + 0,1 xxan (?)), Moxxo 
[aliTH SHeEprvio aKTMBAaHM 3sleMeHTapHOH peakunu (1). 

CaeyeT OTMCTHTb, OfHAKO, 4YTO JTOT MeTOZ paspaOoTaH HCKJIIOUHTebHO 
Jia CPOTOXUMMYECKUX PeakIMli, MOCKOJbKY MpH MpHMeHeHMM ero K Apyrum TH- 
IaM peaKI[Hli, B YaCTHOCTH K TepMHYeCKON, BOSHHKAIOT 3HAUHTEJIbHbIe SKCTIC- 
JUMCHTAJIDHbI€ TPYLHOCTH. ITH TPyYAHOCTH OGYCJIOBJIEHbI B OCHOBHOM BO3MOxXK- 
{OCTbIO MPOTeKaHHA BTOPHYHbIX MpPOWeccOB, MpPMBOAAUWIMX K TeM xe NpOLyK- 
‘aM, KOTOpble MosyyalorcA MO peakIHAM CL)» ie A2) 5 
_ B cpasv c W3y4eHNeM MeXaHH3Ma IIMPOJIM3a HEKOTOPbIX OpraHHYeCKHX Co- 
JIMHCHMM HAMM MIpoBeseHO HCCeOBaHHe BOMpOCa ONPHMeHHMOCTH JeliTepys 
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a 


JWIA OMpeeCHHA KOHCTAHT SJIEMCHTAPHbIX IIPOMeCCOB B STUX peaKWHAX. Bmecte 
C TeM MpoBemeHHe STOO HCCNeqOBaHUA CTHMYJIMPOBaJIOCb HEOOXOAUMOCTHIO 
9KCIepHMeHTAJbHOH mpoBepkuH BbIBO,OB BoesoycKoro, JlappopcKoli u Map- 
Janetimpunu (3) 0 BO3MO%KHOCTH H30TOMHOTO OOMeHa CBOOOJHBIX paMKaJIOB 
C MOJIEKYJIApHbIM elTepvem. 

Tlo MHe€HHIO 3THX ABTOPOB, peakIHA OOmeHa 


H 
| t 

Ri— CiHs-- Do 2 R— Ca Cpe (3) 
HosD 


mpoTekaeT C OO/IbWIOM CKOPOCTbIO H B H3ObITKe AeHTepHA MPMBOAUT K NOHOM 
o6MeHy Ha jleHiTepHit aTOMOB BOOpOwa MpW BaJIeCHTHOHEHACHIIICEHHOM aTOM 


, yraepoya. 
Ta. ay water’ B nactosmei paOote usyyamac 
TIupomus auetoua, 508°C peakuHA OTpbIBa aTOMa see 


— MeTHJIbHBIMH pavKaslaMu, oOpa3 

IOULHMUCA TIpH MHpoMse aeTapye 

s) cr.|CHD/CH,  THfla, aleTOHa, AMMeTHIpTyTH HM IH- 
TpeT.-OyTHJIMepeKHCH, OT MOJIEKYJIb 
HUCXOJHOFO BelleCTBA B MPHCyTCTBHH 
D,. OnbITEI MpOBOLWJIMCh Ha BBI- 
COKOBaKYYMHOM yCTaHOBKe, B CTpye, 
P =0,8 mm pr. crt. + = 1,60 cex. IIpH pa3JIM4HbIX BpeMeHax KOHTAKT 
266) 0,34) 3,64 Ti 3. 60 (0,1—4 cexk.), o6njem RaBaeHun 0,6 


T, 
cox, | CH:D/CH.| 
4 


NeJNo 
OMbITOE 
ONbITOB 


¥ 


PeakTop 6e3 HaOHBKH 


9671 0.45 3.58 272 Ly 3 64 5 MM pT. CT. H B MHTepBaJe Temne+ 
968 10,77) 3.68 e273. |, 4,0 Ws sd patyp 130—850°C, usmepsemprx 

269/ 1,48 | 3,59 | 274 | 2,0 3,64 TouHocTpIo +1°. Peaxuua Tepmuye 
270| 1,72 | 3,60 | 275 | 1,0 | 3,60 CKoro pacmaga UccelyeMbIX HaM 


COCIHHEHHH MpOBOANach B KBapie: 
Bom cocyze (V = 130 cm) Ha ruy6u} 
P =1,0 mm pr. cr. <—=1,46 cex. Hy 0,001—10% mpespameHus, mp 
Miia 10—15-KpaTHOM u36bITKe JelTepua, 
a a a Boe a BU B psge onbitop peakTop sanoa, 
98110,65| 2.99 | 298 | 4.0 | 3.54 HAJICA KBaplleBbIMH TpyOouKaMH, YTC 

2,0 

1,0 

0,5 


PeakTop c HaOuHBKOH 


D821 417 lee os 299 3,30 TIpHBOAHIO K H3MeHeHHIO = S/V B&B 

823| 1,70 | 2,99 300 2,98 15 pas. 

304 2,44 Han6ouee nolpo6uo u3syyen 430 

TOMHbIM COCTaB MeTaHa, OOpa3yrorle 

rocd B Ka¥eCTBe OCHOBHOFO MpOLyKTa Np NHposHse KaxKMOTO M3 HCCJIeLyeMbI 

HAMM BelleCTB B Pa3JIM4HbIX yCIOBHAX. M3mMepeHuA COOTHOMICHHA pa3JIMUHbI 
JeHTepOMeTaHOB TIpOBOAMIHCb Ha Macc-cneKTpomeTpe MC-4, 

Ha puc. 1 lIpHBefeHa TeMllepaTypHad 3a4BHCHMOCTb pacmpeyeleHua pasH4 
HbIX JleHTepOMeTaHOB, OOPasyIONMXCA MPH MMpomMse ateToua. AnasoruuHpiii 
xapakTep MMeeT pacripefeienve jelTepomeTaHosB, OOpasyioulMxca M W3 Apyrux 
MCCJIeOBaHHbIX HaMH BeulecTB. JLo Temnepatypb! 500—600° riyOuna peakuHy 
IpH pasJIMuHbIX BpeMeHaX KOHTakTa cocTaBaeT 0,01—5%. IIpu stom metaH 
COCTOHT HCKJIOUNTeIbHO 43 MoeKya CHsD wu CHa. Cootuomienue ux mpu 2aH- 
HOH TeMnepaType He 3aBHCHT OT OOUIero AaBJICHHA H BPeMeHH KOHTAKTA, 4TO MO- 
2KET CILYKUTL YKa3aHHeM Ha OTCYTCTBHE BTOPH4HbIX MpOMeCCOB B 3THX YCJIOBH- 
ax. IIpu Temnepatype Bbute mpHmMepHo 600° peakuua npoxoguT Ha OoubUly 
riyOuny to 10—30% u B KauecTBe NpOAYKTOB OOpa3syloTcA MOJIM3aMelleHHbl 
MeTaHbI BIWIOTh Mo CDa. Tlocnequee o6cTosTebcTBO OG6yCOBIeHO BTOPHUHBIMH 
TIpoleccaMH B OCHOBHOM, I0-BHMMOMYy, 3a cCueT YBeJIMYeHHA KOHICHTpallMu 
aTOMOB JeliTepHaA B 30HE peakuwM. B onmbirax mo TepMH4yecKoMy pa3J10xKeHHIO 
alleToHa mip 500°, B KOTOpbIX peaKTop 3aMOJHAJICA KBapIeBbIMH TpyOKaMu, 3a- 
Me4¥eHO, YTO MIpH JaBJIeHHAX BbIe NpHMepHo 4—5 MM pT. CT. OTHOLIeHHe 
CHsD/CHs taxoe *Ke, TO H B CJLy4ae peakTopa 6e3 HAOMBKH. OHAaKO B TepBOM 


658 


cyuae, B OTIMuHe OT BTOpOro, yMeHbUIeHHe OOUero AaBJICHHA CMeCH NPHBOUT 
K YMCHbIeHHIO OTHOWeHHA CHsD/CHa (Ta6n. 1). 

Kak ¥ B cylyuae peakTopa 6e3 HaOMBKH, B peakTope Cc HaOHBKOM OTHOLeHHE 
CHsD/CHa ue 3aBHCcHT OT BpeMe€HH KOHTAKTA. 


OTH (akTbl CBUJeTeILCTBYIOT O TreTeporeHHOM 


BIIMAHHH IMOBeEpXHOCTH 


peakTopa HaOHMBKH Ha CKOPOCTb peaKITHH WU, B YaCTHOCTH, Ha YBeMYeHHe 


momm Bbixowa CHa, to mposs- 
JIA€TCA JIMIMb IPH HY3KHX LaBeHHAX 
(P<4 MM pT. CT.). 

Ha ocHoBaHuu NoslyYeHHbIX WaH- 
HbIX MOXKHO YTBepKLaTb TO IIpH 
BbIOPaHHbIX HAMH YCJIOBHAX 9KCTIe- 
pumeuta (P>1 MM pT. cT. H B OTCYT- 
CTBHe HaOMBKH), pe3YJIbTaTbI KOTO- 
PbIX IIPHBefeHbI HWKe, He HMeeT 
MeCTa CKOJIbKO-HHOyb cylecTBeH- 
‘Hand JOA BTOPHUYHbIX MpOeccos WIM 
‘3aMeTHOe BJIMAHHe Ha peaKIMIO CTeH- 
KM peakTopa. 


Ta6Oauna 2 


BemlecTso 


AE | Ey | E, nur 


CHs~CO—CHs |2,5+0,2/9,2+0,3] 9,60, 4 (6) 
9,7+0,1 (7) 
9,5+1,0 (8) 
CHsCHO 3,8+0,4|7,940,5] 7,5-40,4 (°) 
(CHs)sCOz 2,20, 2/9, 5-0, 3/41, 740,3 (4) 
Hg (CHs)e 1,9+0,4/9,8+0,5/10,8+0, 5 (20) 


Ha puc. 2 nmpwBesenbl SKCHepHMeHTAa/IDHbIe LAHHbIe, MOyYeHHbIe pH vsy- 
yeHHM TeMMepaTypHOH 3aBHCHMocTM oTHOWeNHA CHsD/CHa B onbitax no mupo- 
JIM3y HCCeAOBaHHbIX coequHeHHH. BrruncieHHble 10 HUM 3Ha4eHHA pa3HOCcTH 


9HeEprMH aKTHBAWMH Mpoueccos (1) u 


(2) u aOcoumOTHbIe 3Ha4eHHA SHEprHu akTH- 


Ball OTPbIBA METHIbHbIMM palHKaslaMM aTOMOB BOOpOMa OT COOTBETCTBYIOIIMX 
COeMHEHHH, NIpHBefeHHble B TaOI. 2, HAXOMATCH B YOBJETBOPHTeEIbHOM Cora: 


CHM C JIMTepaTyYPHbIMH JaHHbIMH. 3ameTHOe pacxomenve 3HaveHnA Ey 


WIA pe- 


aKIMM OTpbIBa aTOMa BOfopofa OT M-TpeT.-OyTHIMepekHcu O6ycOBeHO, 
110-BHIMMOMY, 3aBbILICHHbIM 3HAYeHHeM SHEP aKTHBallMH Bpadote Tlpuuapa 


uu Tpotmana- -HuKencoua ()., 


MOCKOJIbKyY TakOoe OobIoe 3HaYeHHe SHeprHnyv 


AKTHBalMH HalJeHO JIMIMb WA OTPbIBa MCTHJIBHbIM PawHKaJIOM aATOMa-BOMOpota 


oT meTaHa (£, = 12,8 xkxan (})). 


TlomyueHHble HAMM 9KCIepHMeHTAaJIbHble JAHHbIC MOryT CJIYKUTb yKasaHnem 
Ha TO, YTO H3MepeHHA KOHCTAHT CKOpoctel setae peakuHi paquKasion 
MO MeTOJLy CpaBHeHus CKopocTel peakuuli (1) uw (2) He ocO*KHAIOTCA BTOpUU- 
HbIMH TIpOWeccaMH JIMUIb Oo TeMmepatTyp TIpuMepHo 500—550°. 

V3 copmafeHua 3HaveHHit 9Hepruli aKTHBAaMH OTPbIBA MeTHJIbHbIMH pasn- 
KaJlaMA AaTOMOB BOMOpOsa OT COOTBETCTBYIOUIMX OpraHHyecKHX CcoeluHeHH 
B OMbITaX MO HX (OTOXHMMYeCKOMY H TePMHYeCKOMY pa3JlO%KeHHIO CseLyen, 
‘NTO IPH oTomH3e McceAOBaHHbIX HAM BellecTB OOCy2xKaemble B JIHTepatype 
(°) srops4ve» pauKasibl He OOpasyi0Tcs . 

Hapsagy ¢ 3THMH 3aKJIOUCHHAMH MOXKHO CieiaTb BbIBO, YTO MpeIO*KeHHbI 
BoeBosCKHM HM COTPpyAHHKaMM M€XaHH3M OOMeHAa PaMKaJIOB C MOJICKYJAPHbIM 
leliTepHemM B yCJIOBHAX TepMHYeCKOM peaKIMH He WMeeT MECTA, TaK Kak NOJH- 


SaAMCIITCHHBIC MOJICKYJIbI 


KOHEYHBIX NPOAYKTOB MOABJIAIOTCH JIMUIb IPH TeM- 


peparypax Bite 600° B pe3syibTaTe BTOPHUHbIX MpOMeccOB 3aMelleHHs. 


Mockosckuii rocyapcTBeHHbI yHHBepCHTeT Tloctynuao 
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PHSHIYECKAA XHMHA 
Axayemuk AH BCCP H. H. CHPOTA u H. M. OJIEXHOBHY 


O PACNPEAEJIEHHM 3JIEKTPOHHOM MOTHOCTH B APCEHHJE 
HHAMA 


Cpequ MOvlyMpOBOAHHKOBbIX COeAHHeEHHH SJIEMeHTOB TpeTbeH H MATOH rpynn 
AJUBY co cTpykTypo ccbaslepHTa apCeHHJbI MpeACTaBJAIOT 3HAUNTeJIbHbIM HH- 
Tepec, Mpexye BCerO BBHy HX MOJyMpOBOAHHKOBbIX CBOHCTB, a Tak>Ke coueTa- 
HHA BbICOKHX 3Ha4YeHHH MOBYXKHOCTeH HOCHTeJIeH TOKa C CpaBHUTeJIbHO 
6OIbDINMMH BeJIMYHHaMH WIMPHHbI 3allpelyeHHOH 30HbI. Ilostomy uccmeqoBanHe 
pacipelesieHuA SJIeCKTPOHHOH MJIOTHOCTH B CO@MHHEHHAX YKA3aHHOPO THMa Meet | 
6obuloe 3HayeHHe KaK JIA NO3HAHHA XapakTepa H 9HeEPrHH MeKAaTOMHOH | 


i Nol Dea al [se 
0 25 50 0 25 30 


rh Zhe 
Puc. 1. A — u3MeneHHe kBapata CTpyK- Puc. 2. Usmenenue s10- 
TYpHOH amnuuTyiy F? apcenufa uHAMA rapHMa = aTOMHopac- 
D7 CeMBAalOUIHX (aKTOpcB 
B SAR HonNocnH OT h;. B—ysme MOHOB BHAMH Hams 
HeHHe «, ATOMHOPacceHBalomwHnx cbakTOpoB aKa B 3ABHCHMOCTH OT 
f HOHOB HMHHA U MbIlIbaAKa B apce- Yp2 
i 


Hue WHIJMA B 3aBHCHMOCTH OT xh. 
) 2 =) 
je Fe De Fede re 


CBA3H B HHX, TaK H JIA BbINCHeEHHA CPakTOPOB, OOYCJIOBJMBAIOULHX HX OCcObbIe 
(pusHgecKkHe CBOHCTBA. 

Hccseqosasica MOpouioK, NOY 4eHHbIA myTeM pacTHpaHuA momuKpucraa- 
JHYeCKOrO apCceHHa HHAHA B araTOBOH CTYyIKe C NOCJeyIOWLHM OTMyYHBaHHeM 
B TOyoue. Pasmep 4acTHl, NOpolwkKa HaxoqMIcA B Tipeqemax 6—8 ». TlonuKpu- 
CTaIMyecKHH apceHH] WVHAHA OblI MOMyYeH HeMOCpeCTBEHHBIM CHHTe30M H3 
OUMIEHHBIX KOMNOHEHTOB B SBaKYHPOBAHHBIX H OTIMAAHHEIX KBapeBIX aM- 
myaX, KaK 9TO Oblio ONMCaHO paHee (*). 
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CbheMKH peHTreHOrpaMM IIPOH3BOJHJIHCb IpH KOMHATHOH Temmepatype 
B CuKoa-nu3nyyeHHH Ha yctaHopke YPC-50-H, no MeTogquke, aHanornuHol 
onucaHHon B (7). Ilo novlyyeHHbIM 9KCMeCpHMeHTAaJIbHBIM JaHHbIM TOJCYMTHIBA- 
JIMCb 3HAYCHHA KBalpaTa CTpyKTypHOH amnuuTyyb! F? np pa3/iM4HbIX 3Ha- 
yeHnax DAF yd HHMH c veTHDIMM HHyeKcamu Akl, CyMMa KOTOPBIX JeHTCA 
Ha ueTbipe (/), He AeIHTCH Ha uerTbipe (3), HM AIA JMHMH C HeYeTHBIMH HH- 
yexcamu (2) (pwc. | A). Ha puc. | A mpapeyenbl BeMYHHEI KBaspaToOB 
CTPYKTYPHOH aMIVIMTY{bI, pacCUHTaHHble Ha OMHY MOweKywJy (Ha OAHY Mapy 
atomos InAs). 

Tlockonpxy Fi=(fin-+fas)*, F2= fin + fas 4 Fs=(fin—fas)*, To Fe= 
= 2FE— Fi. 


Cy 4 


\ = alec 


Puce. 3. Kapta pacnpegenenust 9e@KTpOHHOH MOTHOCTH B 
muiockocTH (140) s7eMenrapHof aueHkKu apceHuya HHH 


Torga, yuHTEIBad iMub Fi u F3, nonyunM 


i (eo wns 
fin =P +5V2F2— FR (a) fas = 


By ae 
neue 


Vo pe ee ae) 


CyemyeT, OJHaKO, MMeTb B BHJly, YTO B JeCHCTBHTeMbHOCTH AIA KarKJoro 


@HHOrO 3HaueHua DA} cyulecrByer Mb OHA AHHH”. Takum o6pasom, pa3- 
ebHoe onpeyesmeHve KOMMOHeHTOB f,,, f,, BCerqa CBA34HO C MHTepmous- 
UMeH Mey COceqHHMH TOUKaMH. 

Ha pue. | npuBeyeHbl 3HayveHHsA ATOMHOpacceMBalollHX (bakTOPOB MOHOB 
WHIMA f,, MH HOHOB Mblllipaka f,.B coequneHnu InAs. Hayanbupie yuacrKu 


f-KPHBBIX MpOBeseHbI MYHKTHPOM, nocKOIbKy pu LA? =O TouHo usBecTHo 
NMUIb 3HavenHue Fi, paBHoe KBaypaTy CYMMbI MlOpsKOBbIX HOMepoOB KOMIIO- 


HeEHTOB HCCJIelyeMoro coeyMHeHHA, a 3Hauenun F3u F3, 3aBucauue or crte- 
Ne€HH HOHH3aILHH aTOMoB In u.As, TOUHO He H3BeCTHEI. 

Tlockombky Kpupasa F3 Moxer Obirb Cc JOcTaTOUHO! creneHbIO HazexKHOCTH 
SKCTpanowHpoBaHa flO HyJA, TO MpescraBsAeTCA BO3MO>%KHOCTb MOJYYIHTb 
HyJiepble 3HayeHux f,, H f,,. SaMeTHM, TO IIPOBeJeHHbIe MyHKTAPOM y4uacrKH 
KPUBHIX /,, H f,, H€ BIMAIOT Ha pesyJbTaTbI NOscyeTa pacnpeseenus deKT- 
POHHOH MJIOTHOCTH B pelleTKe coesuHeHua InAs BcjegqcTBHe Toro, 4TO 3Ha- 
yeHua f,, Hf,, UpH 2A? =O BxoAAT B HyseBOH YleH TpexXMepHoro psija 
@Pypbe B BHJe CyYMMbI, paBHOM CyMMe MNOpsiAKOBbIX HOMepoB asleMeHTOB In Hi 
As B nepvofuueckon cucteme J]. HW. Menpneneesa. 

Jlorapudmbl aTOMHOpaccenBalolltHxX (baKTOPOB HOHOB HHA MH MbIllIbaka 
npu 2A? > 12 xopowio nomwatTcA Ha MpAMble MHHM (pc. 2). 
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Tlo sHavennam f,, u f,, MPOMB3BOAMMH pacieT pactpeseeHHA 9IeKTPOH- 


HOM MWOTHOCTH B 2/IeMeHTapHoi auelike InAs nyTeM cyMMHMpOBaHHA TpexMmep- 
Horo pala Pypbe, ucnomb3ysx1 ONMCaHHbIt panee eto (*); pH sTOM pepo 
gleMeHTapHOl ayelKu Jesumocb Ha 60 paBHbIx YacTeH. 

Ha puc. 3 mpupemena KapTa pacipeyeneHHA SeKTPOHHOH MOTHOCTH 
B InAs B naocxoctu (110) s1ementapHol sueliku. Ha puc. 4 NoKa3aHo pacmipe- 
JesleHHe SJIEKTPOHHOM MuOTHOCTH MexKy HOHAMH HHA H MbIWIbAKAa B HalpaB- 
nenuu [111] u B Hanpassenuu [113] B maockocru (110). 

Tloyuenubie SKCIepHMeHTaJIbHbIe PeSyJIbTaTbl MO3BOJIAIOT CyelaTb He- 
KOTOPbIe 3aKIOUeHUA OO OCOOeEHHOCTH pPacipeLeseHHA S/IEKTPOHHOHM MOTHOCTH 


R 9JIEMeHTapHOH suelike apCeHHJa HHA, a TakxKe O pasMepaX MOHHBIX payuy-. 


COB H O CTelleHH HOHH3allMH 
{n In- In HHHA MW MbIIIbAKA. 
| SHauHTeJIbHBIM MHTepec 
TIpemcTaBseT XapakTep H3- 
MCHEHHA 3JIEKTPOHHOH MIOT- 
HOCTH TIO pa3JIHUHbIM Ha- 
mpapseHuiamM. B uHalipaBuie- 
Huw [111] B mpomexyTKe 
ay, es 1/,—3/, eh ei Ha- 
6lOaeTCA HEKOTOPbIM «MO- 
CTHK» 3JIEKTPOHHOHM MJIOTHO- 
i CTH, JOCTHralolleH 3HadeHHA 
wv 


af 0,20 an/A® BOnu3H TOUKH 
is 300 6/, 5/, °/, MW CHV Kalollelica 
be -|200 mo sHaueHuii 0,03 9/A® 

ie BOu3sH TOUKH 3/, 3/4 3/4. 
) 


ip? Bie GubN IL eo! 0 (izes ah Yka3aHHbIii «MOCTHK», KaK 
BHHO Ha KapTe SIIEKT- 

Puc. 4. Pactpenenenue sieKTpoHHoli nioTHOcTA B Ha- POHHOM MOTHOCTH (pHC. 3), 
npasmenuax [111] w [113] B maockocru (110) 9ne- pB mmocKocTu (110) BbITAHYyT 
MeHTapHOH sveliku apceHula HHAMA Blob Hanpansexua [113] 


MeKY HOHAMH MbBILIbAKAa U 
HHHA. OTMeTHM, 4TO B repMaHHH"NO_OOHOrO «MocTHKa» He HaGwIOMaeTcs. 

B mpomexytTKe Mexly KoopauHatamy 000 u */, 1/4 */, B Hampapnenuu [111] 
pacnOJIO%KeH 3aMeTHIH MO BeIMYMHe «MOCTHK» MOBbILIeCHHOH 3JIeKTPOHHOH MVJIOT- 
HOCTH, 10 (@opMe aHaJIOrH4yHbI HaOOaeMbIM B repMaHuu (7), Kpemuuy (3,5), 
amase (*). HauMeHbllai 9eKTPOHHAd MJIOTHOCTh Ha 3TOM yYaCTKe COCTAaBVIAeT 
0,45 9n/A3. 

OTMeTHM TakxKe, 4YTO Ha NOJIOBHHeE paccTOAHMA MexKyY OnwKaiilIHMH uO- 
HaMH MeTasa (In) B HanpaBneHuu [110] snextponHaa MMOTHOCTb CocTaBVIAeT 
BeMYHHY NopsKa 0,15 a1/A®, a B Hanpapnenuu [001] — nopsayxa 0,07 aa/A?. 
Ha MOJIOBMHe paccTOSHUA MexKy HOHAMM MBIIIbAKa 9CKTPOHHAA MVIOTHOCTS 
cocTaBuineT BeIMYMHy mopsgka 0,15—0,10 9n/A® 8B nanpasnenuu [110] u 
meHee 0,03 2n/A® 8 Hanpasenun [001]. 

Tlonyyennble pesyabTaTbl MpeACTaBAIOT 3HAYHTebHbIti HHTepec MIA pasb- 
ACHEHHA XapakTepa Me?KaTOMHOrO B3aMMOJeHCTBUA B apceHuye HHA. 


Otel PUSHKH TBepforo Tea H MOMYMPpOBOAHHKOB I] 
AkajlemuH HayK BCCP 16 1X 1960 


UHMTHPOBAHHAA JIMTEPATYPA 


1H. H. Cuporta, 1. M. Tlamuunes, Unx (bu3. wypH., Ne | 
5 HOE a ; - : io NO Zeon (L958)e 
fabeay Cupora, A. Y. Wleaer, JIAH, 135, Ne 5 (1960). % lnk Vl. Crtaced 
. M. Onexuo Bug, A. Y. Ileaer, JAH, 132, Nel, 160%(1960)Saye4 Elaine Cone 
Pre6o)" ie ie Mean Ts ve We aE oy op any (0) .¢) OP. On CO)  ) r- | 
; : rT, : 0 ; 
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Hlokxxanqn Akayqemun nwayk CCCP 
1961. Tom 136, Ne 3 


PHZSHTECKAA XHMHA 
Cr. f. XPHCTOB 


O POJIA TYHHEJIBHOrO SP®EKTA B XHMHYECKHX PEAKHHSAX 
({Ipedcmaeaeno axademuxom A. H. @pymnunoim 3 XI 1960) 


TeopeTuyeckoe W3yyeHHe TYyHHesbHOrTO osidpekTa Np Mepexoye aToMoB 
qepe3 MOTeHIHabHbIH Oapbep (‘~°) B noceqHee BPeMA BHOBb IIpPHBJIeK JO 
BHUMaHHe pxa uccemopaTesel (71%), yka3bIBalOUlIHX Ha HalexXHbIe BO3- 
MOXKHOCTH OOHAPyXXeCHHA TYHHebHOrO 9SddekTa OMbITHbIM TyTeM. IIpeycras- 
AeTCA BayKHbIM HaHTH COOTHOWICHHA Mexly NapaMeTpaMH Oapbepa, mMaccon 
qacTHI| HM TeMilepaTypOH, MpH KOTOPLIX TYHHeJIbHbIM SddekT HaYMHaeT HIpaTb 
3aMeTHYO pOJIb. Takoe COOTHOUWeHHe ObIIO BiepBble BbIBeqeHO (’) MA 
MpaAMOyroubHoro Oapbepa *. Hegasno B. VW. Tombgauckui (*) npeqmoxun 
aHaJOPHUHbIN KPHTepHH WIA riaqKUX OapbepoB, BepLIHHAa KOTOPbIX HMeeT Ilapa- 
Oomuueckyt0 Popmy **. SroT KpHTepHu, OMHAKO, HEMOCTATOUHO TOUHO ONpeyesAeT 
Ty XapakTepucTuyeckylo TemMlepatypy 7, BbILMe KOTOPOH TYHHeJIbHbIM 9)- 
(peKTOM MOXKHO MpeHeOpeyb. On MO3BOJIAeT TOJIbKO HAHTH HEKOTOPy!o TeMIepa- 


Typy Tx<T,, HWKe KOTOPOH TYHHeJIbHBIN 3ddpeKT HECOMHEHHO oOMpeyemAeT 
MOJIHOCTLIO CKOPOCTb Mpollecca — 3TO OONaCTb OYCHb HH3KHX TeMMepaTyp 


(T<T,), NoKa emule He uccuieqoBaHHad. Mexyy Tem oco6oe 3HaueHHe HMeeT 06- 


acTb YMepeHHbIX TemMepatyp (*°) (Tiga le aie), re POb TYHHeMbHOTO 3¢p- 
(bekTa HeBeJIHKa, HO BCe Ke MOET ObITb 3HAUHTebHOH HW MpHTOM JocTynHOL 
9KCIEPHMeHTaIbHOMy OOHapyxeHHio. Kputepnii Tompfiauckoro Henpuropex 
Iii pasrpanuyenua oOnacTH T <7, oroOmactu T >T, BcneycrBue Toro, 
YTO OH BbIBeeH Ha OCHOBAHHH pHOMMKeHHOrO OMpeyeseHHA MakKCHmMyMa 
NOMMHTerpasIbHOH PyHKUMH B BbIPaxKeHHH 

co 


P= \ W(U)w(U, T)dU (1) 
0 

JIA MOMHOM BeposATHOCTH Mepexogza P, rae W (U) — mponnuaemocth Gapbepa, 
w(U, T)—cdyukuna pacnpefenehua sHepruu U. Ognako cdbyuKuna f(U) = 
=W(U)w(U, T) He sBcerfa HMeeT MaKCHMyM, a HaJiMuNve MaKCHMyMa He 
Bcerja HMeeT CyllecTBeHHOe 3HayeHHe JIA BKJIaqa TYHHesbHOrO adibeKxta 

B OOULy!O CKOpocTb mpouecca ***. 
Ilostomy mpefcTaBseT HHTepec HaHTH OovIee TOUHOe COOTHOMeHHe, MO3B0- 
AArOUlee Pa3rpaHMUHTb OGACTb yMepeHHBIX TeMIepaTyp, Tle TYHHeJIbHbIli 3cp- 
cbeKT UrpaeT 3HAYHTeMbHYIO pOMb, OT OOMACTH OOIee BHICOKHX TeMMepatyp, re 


* STO COOTHOMIeHHe MOXKHO 3alHcaTb B Bue 
3202m6? (RT)? {A Eg~i unu T, =hV Eo/8nR! V 2m, (a) 
{= 6/2—noayuupuna Oapbepa, Ey — ero BbicoTa, m — Macca YacTul wu T, — Temnepatypa, 


HW2Ke KOTOPOM CKOpOCTb Mpowecca onpeleAeTCA MPeHMYULeECTBEHHO TYHHEJbHBIM 9ipeKToM. 
** CootHomenve [ombyaucKoro uMeeT BH 


Tx =hVE,/2n?Rd V 2m, (6) 
rye d— atiekTHBHaA “MomyuiMpHHa GOapbepa (Qua MapaOomuyeckoro Oapbepa d=/, qua 
6apbepa Okkapta d=1/a, rae / — nonyuwiupuHa OcHOBaHHA Oapbepa). 

*** JT IIpsAMOyroJbHOrO u Mapadomuyueckoro Gapbepos dbynKunsa f (U) He HMeeT MakCuMy- 
Ma B O6macTh U< E, (B nepsBom cayuae (°, *), HaoOopoT, MOABAeTCA MMHHMyM), ecu 
MpoHMuaemocTb GOapbepa onpexemuTh B MpHOsamKeHHH Bentuena — Bpunmosva: W (U)= 
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3TY POJb WIA HaOJOAeMOH CKOPOCTH Npowecca MOKHO CUHTATb HeCyLeCTBeH: 
HOH. Takoe COOTHOLIeHHE MOXKeT ObITb BbIBeEMeEHO JIA sOGOrTO TwiaqKOTO OHO: 
MepHoro Gapbepa, Kak 9TO CfleaHO paHee (") AIA TpAMOyrowbHOrO Oapbepa, 
MyTeM OlpeseneHua oTHOWeHHA P’/P”, rye 


Ie co 


P’ = W(U)w(U, T)dU, ak W (U) w(U, T)dU (2) 
Q E 


COOTBETCTBEHHO NO/IHa BEPOATHOCTh TepexOjla CKBO3b Oapbep H Hall Oapbe- 
pom (E — spicota Oapbepa, Q —TensoBoH scddekT mporecca). 

Buipaxkenne Juin P’ / P” MOXKHO TOJYYHTh OPHEHTHPOBOUHO Mpekye Bcero 
JIA TlapaOommueckoro Oapbepa, eCJIH BOCHOb3yeMcaA TIpHOnHKeHHeM BeunTue- 
aa — Bpyvamosva Jia BpluucieHua P’ wm KmaccHyeCKHM IIpHONMKeHveM [WIA 
BpiuncieHin P” (4, &, 11, 18). Takum o6pa30m HaxoguM (18) * 


Pl Pls P LPS in Ue tes meat == pee 
YT=E,/RT, 8=2dVQmE,/h, o=(E—Q)/E, (4) 


(E,— BbICOoTa COOTBeTCTBYIOWero CHMMeTpHYHOrO Oapbepa, IA KOTOporo 
Q=0, tT. e. o=1)O6naHo y¥S>1, 6551 2 Yo=(E—Q)/ RTS. 

pu yx > 4, ecan (y — 6) © 3 2, nonyyaem P’/P”= (7 exp (¥ — 9) o)/(y—-8) & 
F387 > 1; ecnu, Haocbopot, 6 >y uw (6—Yy)oR2, to P’/P”’=7/(6—7)| 
MOXKET ObITh TAKKE Z3HAUHTENbHO OOJIbIWe CMMHUMUbI, eCMM pasHocTh 6—yY He 
CAIHIUKOM BemHKa. Jina y—>6 pasnomweHHe B pay B (3) gaet P’ / P*= yo 
= 60> 1. Coornomenue 7 ~ 6 mpuBoynT, cormacHo (4), k KpuTepuio Tonp- 
jlaHckoro (6), KOTOpOMy, CJlefOBaTeIbHO, OTBeUAeT 3HAUHTebHOe MpeoOsNaya- 
HHe TYHHEJIbHBIX TlepexOJOB NO CpaBHeHHIO C HafOapbepHbIMH: BKJIa, TYH- 
HeJIbHOrO appeKTa pH 9TOM ycwJIOBHH cocTaBunetT 9YO—98% oT o6mlert 
CKOPOCTH peaKILHH, COOTBeETCTBeEHHO H3MeHeHHIO 60 B HHTepBase 10—50. 

MoxKHO CYNTaTb, ITO TYHHEJIbHbIM adideKT HauYMHaeT BAMATb PelIHTebHO 
Ha CKOPOCTb Nipowlecca 10 Kpalineli Mepe Torga **, Korgja BBIMOMHAeTCH ycuo- 
Bue P’/P"’~1 (*). Qromy ycnopuio oTBeyaeT cooTHOMIeHHe Y~6/2, Tak 
Kak, corsiacHo (3), oHo gaet P’/P"=1—e-%~1, nockompKy yoS>1. 
Tipu nomouw (4) u papenctBa 6 = 27 nony4uuM BbIpaxKenue 


Tx =hAV E,/ Rd V 2m (5) 

WIA TeMIepaTypbl, HH2Ke KOTOPOH JOJIA TYHHEJIbHbIX TlepexogoB Sombre 50% 
OT OOllero ¥HCa Tepexofop vacTu yepes Oapbep. Ora TemMepatypa B [Ba 
pa3a BbIle TeMIepaTypbli iy ompeesaemMon cooTHoleHHem JT oupfaHcKoro. 
TlonpaBouHbi MHOXKHTeIb K KJaCCHYeCKOH CKOPOCTH peakKUMH Np ycuoBun 
P'/P"=1 (tr. e. T=Tx) Oyner x = P/P™ = P/P" =(P'+ P")/P"=2. 
SaBucumoctTb (5) coxpaHseT cBoIO CHTy pH Oovliee cTporoM BBIBOse, OCHO- 


= Dexp [(— 4m [h) § V 2m (V (x) —U) dx], cuantan D moctosHHoi, a cbyHKuMIO pacipexe- 
JI@HHA SHEPrH JaTb BEIpaxkenvem w(U, T) = @(T)exp(—U/ RT). Tlossnenue mMakcumyma 
B oOwactH U < Ey 1pa NpHMeHeHHH TOUHOrO BHIpaxenna Aaa W (U) (rae D->O0 npu U0 
(°, 7, °)) umm Oonee oOwero BEIpawenua gaa w(U, T) = @(T)U" exp(—U/ RT) (2) uxe- 
CKOJIbKO CHWKaeT WOMIO TYHHeJbHbIX Nepexogos (U << E,)) mo cpaBHeHHIO c KBasHKslaccnue- 
ckumMH (U > Ey), HO HadMune STOrO MakCuMyMa B OOmacTH U < Ey He aBaaeTca ycnoBuem 
3aMeTHOrO BKJiaqa TYHHebHOrO acpdekta. TombKo pH Oapbepe OKKapta HMeeTCA PesKO BEI- 
paxkeHHblli Makcumym (°, 7, §) mpH BCeX yCMOBHAX, HOH, HECOMHEHHO, HaXOJUTCA B TeCHOH 
CBA3H C BKJaOM TYHHesbHOrO addekTa B CKOPOCTb Mepenoca yacTHL, yepes Oapbep; OHaKko 
onpefesenve Nomoxenun U,, 9Toro MaKcuMyMa B MpHOaumeHnn Bentuesa — Bpusmoaua (4) 
OueHb HeTOUHO, Kora U,, — Ey (CM. culemytolllyi0 CHOCKy). 

* Tins OoubiieH OOULHOCTH PacCMaTpHBaeM HECHMMeTPHYHBIM Oapbep (1%), momyuennptii 
HaJIOKeHveM JIMHeEMNOTO MOTeHWMala Ha CHMMeTpPHYeCKHH NapadomueckHH Oapbep (OTHOIIe- 
Hue P’/ P” He 3aBHCHT OT HalpaBseHuA Mepexosa). 

** CnelyeT pa3iuaTb BKIaq TYHHeEAbHOrO a*piPeKkTa B WeHCTBHTeMbHYIO CKOPOCTb OT TYH- 
H€IbHOH MOMpaBKH K «KJaCCHYecKOH») CKOpOcTH Mpowecca; OA TYHHebHbIX MepexosoB 
MOXKET ObITh 3HaYHTeMbHOH (~ 30%) u Torga, Kora 3aMeTHOH PasHHbl MexKZy JelicrBuTew- 
HOH WM KNaccnyueckoH cKopocramn Her (8, °). 
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HHOM Ha coveTaHHH npHOmmxKennit B. B. Buruepa (°, 1%), koropoe gaer (1°) 

% = PP = 1 + wy?) 66? + 7 fe OP — | (8— 9). (6) 

Tipy 6=2y nonyyaem x=1-+ 7/24 + e109 eo S1,41 (ecu 

»>5). Bauskoe 3HaueHve Ji % Jlaer cCOOTHOIeHHe, NOyyaemoe u3 (1) 

MW MOMOULH Goslee TOUHOTO BbIPaxKeHHA JIA MpoHHiaemocTH Oopbepa W (U) 
7°, 1°), HMeHHO (7°) 

% = P| PX" = (nx /6)/sin (my / 6) — ye” / (8 — 1), (7) 

Kyma upH 6=2y x= /2—e-ve=1,57 (npu yw > 5). Tak kak B BBbI- 

pkeHHH x = P’/ P™™ 4 P”/P*™ 3Hauenue P”/P™” 3aKmouaetca Mexyy 0,5 

4 (°), monyyaem, uto P’/P™ jomKHO 3akmtouaTbca Mexypy 0,6 u 1, a 


'[P"—sexny 0,6 u 2. Moxuo noKa3aTb, ro np 6 = 2y¥ TOUHOe cooT- 
o If 
muenve P’/P”—1. JlelicrsurenbHo, TOUHbIe BbIpakeHua ua P’ u P” 


@ 0 
P’ ev dy p" eY dy 
13 a aoe as eee s e 
KHO 3anHCcaTb B Buse (1%) ee \ ty eh? pK \ tp ee rye 
\ 0 ma 
= (E—U)/E,. Monaran 6 = 27, nonyyaem 
® ‘pe 1 0 d 
Fetes 4 dy 4. It 2 aye Geen (Te 
pee a ee TS Pe dg \ Bin yan yy 4: | (8) 
0 —00 


{aueHH| OOOHX BbIPaKeHHi NMpakTHyecKH coBHaaloT, ec YO > 5 (Korfa 
ctgev®~ 1/2), Trak ato P’/P” = 1 ana Bcex XHMMYeCKMX peakuMi. Takum 
)pa3s0M, COOTHOIeHHe (5) cTporo 


OCHOBAHO IA mMapadonMueckoro Ta6auna 1 

ipbepa. ; 

eNiceee C4YHTATb, YTO TO Ke Ca- Gadbens ReAPra 

9€ COOTHOMeHHe IpHMeHHMO mpH- Baile, ie, [os 
IM2KEHHO JI BCexX OapbepoB, Bep- . Y er | cet ka 
HHa KOTOpPbIX alllpOKCHMHpyema ace 
ipadoyoH, ecnu d—nojyuiMpuna 
HOBaHHA Tapadoubl. Crepyer, on- sara ie tye Hi es ne ee 
KO, OMKMJATb, YTO OWHOKA BONpe- — 74'5 |49'5 | 1368 | 0,96 | 1.31273 | 162 | 322 


JeHHu 7, NO ypaBHeHuto (5) OyzerT 
€ Ke 8HAUHTEJIBHOM, ECJIM WHpHHa OCHOBaHHA / JaHHOrO Oapbepa ropa3yo Oovib- 
€ HJIM MeHbIve d. Sty OWMOKY MO%KHO OWeHHTb TOUHbIM BbIUHCJICHHeM Ha MpH- 
pe Gapbepa Ikxapta, rye / = ad ('"). SroT Gapbep MOKHO CuHTaTb Mapaooun- 
CKHM JIA BC€X YaACTHIL, aHeprusa KOTOpHIx Bbuue U = 0,9 E (1); omHaxo 
uM T=T,, T. ec. npH P’/P”=1, 3amMeTHad OMA “ACTH, MOKeT Mpoxo- 
ITb CKBO3b Oapbep 3HauHTebHO riuyOxKe (f0 U=0,5 E (’,§)), tak uro 
HomeHHe 6/7 Qua Oapbepa OkKapTa OMKHO 3aMeTHO OTMYATHCH OT 2. 

STO BHAHO 43 TaGn. 1, rae JaHbl pe3yMbTATbI BLIYHCMeCHHA AWA Tpex nap 
jaueHHi 6 H 7. MPH KOTOPHIX BbIMONMHAeTcA ycnoBHe P’/P”~ 1. 3Hauenus 
, P’ w P” pBeruucianuch m0 ypaBHeHusm (1) uw (2) ana Q=O merojom 
atpuueckoro HHTerpHpoBanus (°,”,8,1°). Tlonomwennve MakcuMyMa Um TIOJbIH- 
rpaibHOH myHKwHu B (1) B Tpex CiyyaAx CoBNajlaeT C BepIHHOH Oapbepa: 
m=E,*. 6/7 coxpaHaer nouTH nocrosHHoe 3HayeHHe 1,7 — 1,8 B O¥eHb 


HpOKHX tpeyenax usMenenua 6(~ 20—~70) un y¥(~ 10+~ 40). Orcioza 
lelyeT, uToO Jia Oappepa SKkaptTa Ooee TOUHOe BbIpaKeHve AA T_ OTBe- 
eT ycopuio 6~ 1,75 7 (6 = 27 AA MapaOomuyeckoro Oapbepa), Tak 4TO 


| Tx ="/phV E,/ aRLV 2m. (9) 


/coorsercrsuH ¢ 3TO @opMyso 3HayeHua T, B Tada. | B~ 1,75 pas Conpiue 
| 
* Cornmacuo Tompganckomy (14) U,, ~ Ey (O/%)?. Ora copmyia maetT AA paccmaTpu- 


eMBIX B Ta6n. 1 cayyaes 3Hauenun U,, B 3—5 pas Gonpiune Ey. B caasu c 9THM 7, 
auHTeIbHO Hue T,. 


665 


3Hauenult Tx, BbIYHCJIeCHHBIX 43 CooTHOWeHHa ~l onbmaHcKoro (6),uB1,15 pa 
MeHbIUe 3HaveHHH, MOMyyaemMbIx H3 (5) AWA MapaOonMyueckoro Oapbepa. 
AcHOo, 4TO WA MpHuOsM2KeHHOrO BBEIUMCIeHHA T, MOXKHO TOJIb30BaTbC! 
COOTHOIMeHHeM (5) is mo0ObIxX OapbepoB c NapaOomMyecKOH BeplwMHOH. CpaB 
HeHHe BbIpaxeHHi (5) uw (9) Mexgy coOol uw c (a) Aaa MpaMoyrowbHor\ 
Oapbepa MOKas3blBaeT, OAHAKO, HACKOJIbKO CHJIbHO T, 3aBHCHT HE TOJIbK 
OT pa3MepoB, HO H OT (pOpMbI Oapbepa. STH COOTHOIWeHHA MOryT MOCIYyKAT 
IIA ONpefeweHHsA TeOMeTpHYeCKHX CBOHCTB OapbepoB B CBA3H C HCCJIeMOBA 
HHeM XapakKTepa TeMIlepaTypHOH 3aBHCHMOCTH CKOpocTH Mpoueccos (7,®,14).| 
JlaHHoe Bpliue oOOocHOBaHMe cooTHOWeHHH (5) u (9) NosBomaeT CUHTAaTH 
YTO OHH TpHOMKeHHO CIpaBeLIHBbI [IA mOOoro rlaqKoro Oapbepa uM B TOM 
cayyae, Kora erO BeplIHHa He alllipOKCHMUpyeTcaA xopoulo Mapadonon. Kay 
lOKa3aHO JJIn MapaOomMueckoro Oapbepa, mpH T = Tx MMeeT MecTO COOTHO 


wieHue x= P/P™—~1,5, npusem pasHoctrh x»—1~0,5 onpefeiserca ¢ 
UlecTBeHHO 3HaueHHemM 0,41, KoTOpoe MpHHuMaeT uneH m77?/66? B ypaBHe 
HMM (6) np 6 = 26 (Tt. e. T =T,). Tor xe caMblli WieH NOABAAeTCA Mp 
pasJIOKeHHH B PA NepBoro wieHa ypaBHenua (7) (79,1%). Oro, ofHaKo, Hi 
4TO HHOe, Kak TlonpaBka Buruepa (7) gw K cKopocTH peakunn *. Jina Oapbep! 
Ikkapta upu T = T, (Taba. 1) x —1 ~0,4, npnyem gy = 0,53 (npu 6 = 1,757) 
Orcioga culeqyeT, uTO (5) HM (9) MoOxKHO BbIBeECTH IpHOTM2%KeHHO TPH MOMOLII 
oOWlerO BbIPAaKeHHA AIA Jw U3 COOTHOWEHHA Gy = h?A/96n?m (RT)? ~ 0,8 


(A = —0°V (Xm) / Ox? > 0), T. e. 43 O60OUleHHOrO BbIPaKeHHA 

Tu =hY Alon) 2m (10 

corjacHo KOTOpoMy 7, OMpeyesAeTcA CylleCTBeHHO KPHBH3HOH MOTeHWHaJb 

HOrO Oapbepa B TOUKe MakCHMyMa. MoxHO MOslaraTb, YTO 3TO COOTHOMIEHH 

IIPHMeHHMO JI JOObIX OaPbepOB KOHEUHOM KPHBH3HBI, T. €. TpaKTHYeCKH I 
BC€X PeaJIbHbIX Oapbepos. 

M3 ckasaHHoro cyleqyeT, 4YTO IPH TeMMepaType, OMpeyemHeMOH COOTHOLLE 
HHAMM (5), (9), (10), KBaHTOBad NoMmpaBKa K KsaCCHyeCKOH CKOpOCcTH peaKIyy 
y2xKe IipeBblliaeT NepBoe npHOmHxKeHHe (ch”). lonpaska Burnepa ucuesaer mp] 
Coulee BbICOKHX TeMMepatypax (cM.cHocKy** Ha cTp.664) mpumepHo Ha 100° Bau} 
T,. IIpu T < 7, HauHHaIoT HrpaTb poOmb Gouee BbICOKHe CTeMeHH MOCTOAHHOH 
[]auka B pa3JIO%KeHHH B PAX KBaHTOBOM NompaBKH (?°,!%).) B sToli o6acTH yME 
PeCHHbIX TeMMepaTyp POJIb TYHHeJIbHOrO addekTa MO*KeT ObITh OOHApyxKeH! 
SKCIEPHMeHTaIbHO MYTeM HCCJI€OBaHHA BJIMAHHA U3O0TOMHbIX S*PeKTOB Hi 
HaOsOaeMble SHAYCHHA SHEPHH aKTMBALMH MW MpeqSKCHOHEHUMaIbHOrTO MHC 
XKUTEIA B OOLHO YHOTPe6HeMOM BbIPAKeHHU IA CKOpocTeH peakunt (* 1°) 


Temnepatypa 7, ~T,/2, ompeqenaemaa KputTepuHem ToupgancKkoro (6), Moxa 
CIYKUTb JIA pasrpaHHyeHHA OONaCTH HH3KHX TeMMepatyp, rae MCKsIOF 
TeJIbHaA POJIb TYHHEbHOTO adPekTa JOMKHA NIPOABMATLCA Upe3sBbI4aHHO HH 
KMMM 3(pPeKTHBHBIMH 3HAYeCHHAMM 9HEPFHM AKTHBALLMM MW MpesaKCNOHeEHUMAE 
Horo (paxtopa (*,°,"'). Sta o6acTb MpescTaBAeT MHTepec MIA UCCeMOBAaHHs 


XUMMKO-TeXHOJOPH4YeCKHH MHCTHTYT ; Tocrynujio 
Copua, Boarapusa 29 IV 1960 
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* OTHOCHTebHO OTKOHeHHM NonpaBku Buruepa oT 3HayeHHi, NoJIy4uaembIxX lO ypaBHeH 
(1) mpa nomom KaccwuecKoro BEIpaxkeHHA Bowbumana ua w(U, T) cm. (86). 
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Tornayn Akanemun nayr CCCP 
1961. Tom 136, Ne 3 


PHSHYECKAA XHMHA 


C. fr. SHTEJINC, ©. B. SNNJIE uv H. M. YWHPKOB 


AHETHKA PEAKILMM BOCCTAHOBJIEHHS TPH®EHWJIKAPBUHOJIA 
30NIPOMNKJIOBbIM CIMPTOM B CPEJE BOAHOM CEPHOM KUCJIOTHI 
NYTEM FHAPHAHOrO MEPEXOA 


(ITpedcmaeaexno axademuxom B. H. Koxdpamvesoim 30 V 1960) 


HecmMoTpa Ha TO, 4TO CyleCTBOBaHHe peakUHi, HAyWHX MyTem Mepexoya 
Apua-uona (H-), mpegqnoaraioch JaBHO, H3yyeHHe HX KHHETHKH HM MeXaHH- 
a Hauasl0Cb TOJIbKO B MoceqHee Bpema (1-4). K peakUHAM, HAYULHM yepe3s 
penoc H-, oTHOCATCA, B YaCTHOCTH, peakuHH Meeppeiua — Ilangzopda, Ha- 
HMep BOCCTaHOBJIeHHe apHIKapOMHONOB amMaTHyecKHMH CMMpTaMH B KHC- 
H cpeze. 

B wHactosiei padote Oblia 10qpoOHO H3y4yeHa KHHETHKa BOCCTAaHOBJICHHA 
udenuikapOuHoa (TMK) fo TpudenusMeTaHa W30NPONHOBbIM CNHpTOM 
BOWHOH CepHOH KHCIOTe B IWHPOKOM \Mala30He KOHWeHTpauMh (H,SO, or 

mo 75%; T®K or 4-10-? no 4-10-® momb/a; u30-C;H,OH or 0,2 no 
} MOJIb/1) H TemMepatyp (oT 35 yo 60°). 

IIpeqBaputTembHoe HCCJIeqOBaHve STOH peakUHH OblIO MpoBemeHo BapTuiet- 
mM H Kowsstymom (7), KOTOpble TIpHWIH K BbIBOLY, YTO MpOHCcXOLHT Mepesaya 
Ha H- OT MOweKYJIbI H3OMpONUNOBOrO CHHpTa K TpHPeHHIMeTHIKapOoHHe- 
My WOHY 0 cxeme 


CH CH, 
Pee Neo tn K, L at : (1) 
PhzC + GT OM aie OBE ap Seah 
GH: CH, 


IlockombKy apwsmeTuiKkaTuon TOK o6pa3yerca npH NpoTOHHsallMH TOK 
| ypaBHeHHI0 

K ArcOH D) 
— PhgCt +/H,0, (2) 


| Ph,COH ++ H+ 
JiHaaA KOHWeHTpanwua TMK B peakuMoHHo cmecu [Ph;COH], paBHa cyMMe 
HIeHTpalui wona [Ph,C*[ u Hevonus0paHHoli dopmpl KapOuuosa [Ph3;COH]: 

[PhsCOH], = [PhsCt] -+ [PhsCOH]. (3) 


Ha ocwopanuu cxempl (1), ypaBHenui (2), (3) Hu ypaBHeHuA peakiunH 
YOTOHH3aMU w30-C;H;,O0H 


KROH / 
us0-CsH,OH + H+ ——>  uso-CgH;,OHt (4) 


TPYAHO NOKa3aTb, JTO BbIpamkeHHe Jn cKopocru yOpimu [Ph3C*] B mpu- 
TCTBHH H30bITKa CiiMpTa Oyler HMeTb BULL 


— d[PhsC*] / dt = kag[PhsC*], (0) 
NEM HaGOMaeMana Ha OMbiTe sbPeKTUBHAaA KOHCTaHTa CKOpocTH 
K arcouo 1 
pee Sateen CON Cop b a 18 6) Oo" 6 
98 T+ Karcon%s 1+ Kponho ~“ °) 


/ypaBHeHuu (6): ky — MCTHHHAA KOHCTaHTa CKOpPOCTH JMMHTHpyroulei cTa- 
m-(1): Karcon — KOHCTaHTa paBHoBecua peakuHH (2); Kron — KOHCTaHTa 
ABHOBeCHA peakuuu (4); Co, —NomHad KOHUeHTpaliua [w30-C,H,OH] B pac- 
ope; Ay H Cyo—OTPHWaTeIbHbIe aHTHNOrapH@Mbl CyHKWHH KHCJOTHOCTH 
OTBeETCTBeEHHO Tammetta u Jleno (°,°). SnHayenua sdpeKTHBHbIX KOHCTAHT 
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CKOPOCTH peaKIMH HaXOAMJMCb rpaHyeckH MO yruy HaksJoHa TMonysorapHe 

MHYECKHX aHaMOpio3 KHHeTHYeCKUX KPHBbIX YMCHbIMCHHA ONTHYCCKOH TWO 

HOCTH pactBopa pu A 432 my. YObIIb ONTHYeECKOM MWIOTHOCTH B cooTBel™ 
CTBHM C ypaBHeHHem (5) HMUTHpyer peakiMI0 NepBoro NopayKa. Ona oTpaxkat 

najleHve KOHMeHTpallu TpubeHusMeTHIKapOOHHeBOrO HoOHAa, AMelollero OO1act 

MOPJIOWIeHHA C Amax 432 Mp. 


Ta6auma i 


Pe 
oOo a 
ak eal ae 
ba ER] €& 
= v0 OS 
OE | yb |S 


| | | | | 
4h, 52%HsSO, |] 48,26%H:SO, || 50,46%H2SO, |] 51,46%H,SO, |] 58, 42% H2SO, |] 54,.95% 58 ,60%H2SO, 
OO | ah PL B8 ) bie | edd | Dodd | 4st0-) Ot0 | 0.97") O,40 18 TESS || 0,04. | 0,19 
0,45 | 0,43 || 3,28 | 0,32 } 4,74 | 0,46 |} 2,25 | 0,2 | 1,62 | 0,14 || 4,01 | 9739 || 2.36 | 0,45 
1,24 11,06 |[3,78 | 0,43 [2.53 | 0,24 |] 2,48 | 0,24 | 1,49 | 0,44 |] 3,52 | 9! 0 


46,54%H,S0O, | 4,80 | 0,59 || 2,80 | 0,22 |] 2.92 | 0,25 || 2.07 | 0,49 || 5,46 60,70%H.SOx 
2,10") 0,29 |)ar95 | 0769 |) 4:92 | 0:38 | 2:92 | 0:26 | 2:60. | 0:26 |55:70% ,248, || 0,56 | 0.20 
2,59 | 0.43 || 5,50 | 0,71 | 5,46 | 0,43 || 3:26 | 0728 | 4:37 | 0,40 | 1,68 | gq" || 1.99 | 0,50) 
2102 | 0.44 |) 49,38%H.S0, | 5,26 | 0,44 |) 5,59 | 0,44 | 4:74 | 0,45 |] 3,62 | oroy 2.46 | 0,59 
47,474% H,SO, || 3,70 | 0,34 || 5.70 | 0,46 | 7,41 | 0,59 1 5,03 | 0.45 || 4133 | O’e> || 64,80%H,SOq 
2112," 6,29" |] 4.01 | 0:36 || 6,04 | 0,48 |) 9:56 | 0575 | S.ot | 0,47 || 8,70 | ore” || 0,21“) 0,50 
3,74 | 0,48 | 4,44 | 0,46 | 6,19 | 0,48 | 10,3 | 0,76 || 5,06 | 0,48 || 9,62 | O’sy | 67.0%HSOq 
5:86 | 0,68 | 6,24 | 0,51 |] 20,9 | 1:88 | 5.77 | 0,50 0) 0,5 
7,17 | 0,53 || 52,405%H,50,) 7,60 | 0,72 70,0%H,SO 
git | 0,60 || 4/64 | 0,34 | 6,75 | 0,83 a: 
8,45 | 0,65 |) 4,70 | 0,40 75%H,SO 
9,80 | 0,72 || 5,60 | 0,44 0 0,5 | 
| 4,04 | 0,97 | 6,91 | 0,58 
15,00; 1,99 


JYYeBOM cHeKTpooTometpe MapkH C®-2M, cHa6xeHHOM lIpHcnoco6vlenriel 
JIA 3allMcH KHHeTHKH. Peakuus npoBosusach He 
NOCPeACTBEHHO B UWeJIbHONAAHDIX KIOBeCTAX JIMHO} 
5 CM, NOMeI@HHbIX B TepMOCTaTHPYeMbIii KIOBeTO 
llepKatTeib. TemnepaTypa B KIOBeTax mMoepxKu 
Baslacb C TOYHOCTHIO +0,5°. | 
B ta6n. 1 B kKauecTBe IpHMepa MpHBeyeHE 
NOJYYeHHbIe 3HAYeHHA Rog Wiad T = 40° npu pas 
JMUHBIX Coy H KOHUCHTpalluaAX CepHOH KHCAOTHI 
Ha puc. | mpefcTaBsieHa 3aBHCHMOCTb fog 01 
MCXOMHOH KoHnWeHTpaunHH H,SO, mupu Con = 0,8 
MOJIb/1. Buguo, ufo ucculekyeman peakilua po 
TeKaeT B y3KOH OOslaCTH KOHIeHTpalluii, orpaHH 
YeEHHOH KOJOKONOOOpa3sHbIMH KPHBbIMH, MaKCH 
‘MYM KOTOPbIX, He3aBHCHMO OT TeMIepaTypbi 
leXKHT IpHMepHo pH 50,5% H,SQ,. Taxaa op 
Ma KPHBbIX SIBJIAeTCH CJIeECTBHeEM TOTO, 4TO 
Puc. 1. 3apucumocth addbex- IMMHTHpylolled cranuu (1) yyacTByeT HOH, KOH] 
THBHOH KOHCTaHTHI CKopoctH IeHTpalusA KOTOporo pacTeT c KOHILeHT pale} 
OT KOHIeCHTpallu CepHOl KUC- KYCJIOTbI, H H€HOHM30BaHHas cbopma u30-C,H,OH | 
Coa MOMbiI.  KOHMeHTpallUst KOTOpol mapaer. | 
OS ip aarti ae ele M3 aHHbix, MpHBeqeHHbIX Ha puc. |, Obie 
HoslyueHa 3aBHCHMOCTb kz» OT TemmepaTypbt] 
C poctom konuenrpauuu H,SO, or 45 yo 60% adbexTuBHasn SHeprHs) 
aKTHBalMH Esp UpHCen = 0,5 MOmb/ yMeHbulaeTcs oT 28 no 16 KKau/MOmb| 
Ysmenenne Eg) C KOHUeHTpatluel KHCIOTEI  sABsaeTCH caleqCTBHeM 
TOrO, 4TO Rag, Kak culeqyeT U3 ypaBHenua (6), mnpepcTaBaser co6o 
COXKHYIO BeJIMYHHY, B KOTOPylO, Hapsily C KOHCTaHTOM CKOpOCTH JMMHTH! 
Pytollero akTa, BXOJAT KOHCTaHTbI HOHM3alHH us0o-C;H,OH u TOK wu penn 
YHHbI Co WH fy (°,’). Beanunubl wcCTHHHOM KOHCTaHTb! CKOpocTH ky H KOH 
CTaHTHI NpoTonusauHH w30-C;H,O0H Kron MOryT ObITb BHINHCJICHBI C TOMOILLBbIC 
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1 

aBHeHHsA (6). Jia asToro yAOOHO BOCHONb30BaTbCA PpacbHyecKHM MeTOJIOM. 
jo3HaYHB MHOKUTeIb Karcon Co/(1 + Karcony) = 0, MpeycTaBuM ypaBHe- 
e (6) B BHoe: 
. k 


Rog ad 
WG ae ky — Kron rTeme (7) 


k Rk 
Crposa rpaduyecku 3aBHCHMOCTb im H ie ton NOYYHM TpAMy1O, OTCe- 
cn cn 


1Ollly!O Ha OCH OpAMHAaT OTpesoK, paBHblit 
. Ilo HaknoHy MpAMOH HaxoJuM 3HaueHHe 
20H: Ilpumep Tako 3aBHCHMOCTH JIA 
n=0,1 Momb/n mpu 40° npencrapneH Ha 
ic. 2. J{na mocrpoeHus 93TOM 3aBHCHMOCTH 
I HCHONb30BaIH 3HaAYeHHA yg, NOJYYeHHbIe 
TepNOMALWeH KHHETHYCCKHX KPHBBIX JIA KOH- 
HTpauMu ciupta Cy,=0,10 Moumb/n, cun- 
fs, UTO TaKkaA MaJlas KOHIeHTpalluaA He Beer 
SHHKEHHIO YHKUMH KucIOTHOCTH Hy UCy("). 0 1 00a ; 
ymyueHHbiIe ky uM Kron MpescTaBienpt B Bits 
Ou. 2. Pue. 2. Tpacduyeckoe onpeyese- 
V3 9sTHx JaHHbIx Opi BBIYHMCJICHbI HCTHH- ye ucrHHHoll KOHCTaHTEI  CKO- 
S| 9HEPrHA aKTHBAalMH UCCyefyemMoH peak- pocru u pKp H30Nponusio- 
IH WU TMIpeA9KCHOHeHWMaJIbHbIM MHOKUTEIb. Boro cmupta mpw 40° uC. = 
a puc. 3 MpefcTaBen rpapuk isn BIUNC- = 0,1 Moanb/n 

HHA HCTHHHOM 9HeEprHun akTuBallun. Hatijen- 

A Eycr = 210002500 kan/Monb, BoTMHUHe or Eg, He ABJIAeTCA CPyHKUHeH 
HUCHTpalHu KucoTE. ITpeyqskcnoneHwMambHEi MHOXKUTeIb A B yYpaBHeHHH 
Eat Agee RT paBuplt 2,81-10'? n/Monb-cek, mpakTHuecKH COBMaaeT C 4H- 
OM JIBOHHbIX coyfqapeHHH Z,) = 1,59-10", pBergucneHHbIM Mo cbopmMyve Ans 
30B0H (a3bl: 


Zo = gag (rs + 12) [Bnet (Z- +=)", 


M2 


© T1430-C;H,OH — 3,12 A, a rg — panuyc apnsiMerusiKaTHOHa IIpHHAT paBHbIM 


ox = 4,43 A (paquycb! BLIUHCIAIMCh U3 CpeHHX MOJAPHbIX OObeMOB). 
IlomyueHHoe KOJIMYeCTBEHHOe COOTBETCTBHE Me- 


16 *KILY BeHuHHaMH A uw Z, B Clyaae peakIHH MexK- 
AY ABYMA MHCTOaTOMHBIMH MOJIcKyJlaMH Kak OyJ- 
12 TO MPpOTHBOPeyHT TeOpHH aOCOJIIOTHBIX CKOpocTeli 


peakuunt (*). Bugumo, kak 3TO He MapagoKcaJIbHO, 
B peakIMAX PHAPHAHOrO Mepexoga (Tak %e Kak H 
04 B pale Ipyrux peakiuuii B pacrBopax (°)) mpu 06- 
Pa30BaHHH JIMH€MHOrO AKTHBHPOBaHHOTO KOMIIe- 


) t Ca C ae O BHHMaHHe TOJIBKO Ppe- 
0903003 032033 KCa CJieqyeT MPHWHHMaTb B p 


a= aKILHOHHbIe WeHTPbI apHJIMeTHJIKaTHOHAa YN CiHUpTa 
ic. 3. TemmepatypHaa 3a- \S+ _ bt 
[CHMOCTb HCTHHHOHM KOHCTAaH- wi Coa ela ms ele 


Thl F@HAPHAHOTO Mepexoyza 


YUMTbIBAA KaK BHYTPeHHUX CTeMeHeli CBOOObI MHOFOaTOMHBIX MOJICKYJI, Tak 
B3aHMOJeHCTBHA HX C paCTBOPHTeJeM. 

Ilo qaHHbim Ta6s. 2 ObIIM BHIMMCJIeHbI TemvioTa H SHEPruA MpOTOHU3aLHH 
30nponuioBporo cnupta: AH = 9800+ 700 xan/mMomb uv AS = +16,8 + 
0,15 kan/Momb -rpaq, OTKyJja u3MeHeHHe CBOOOMHOH 9HEPrHH B  pe- 
cu u30-CsH7:0H + HsO0+t = us0-CsH7OH; + H2O mpu 298° K pasxo 
F = 4800 kaa/monp. 

MuTepecHo, 4TO COOTBETCTBYIONIMe BeJIMUHHbI JIA MeTHJIOBOrO CNUpTa, BbI- 
ICI@HHbIe HaMH 0 WaHHbIM (1°), papHpt: AH = 4600 xan/momb, S = 12,5 
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u AF = 880 kan/Monb npu 298°K. NonomutesbHoe H3MeCHEHHe SHTPONHH spea 
UHH B OOOMX CuJIyyadX OH3KO, OMHAKO, Cyia To BenHuHHe A/F, MeTHJIOBE 
ciuMpT Oosee OcHOBeH. PocT SHTPONHH, BHAMMO, CJleyeT OTHECTH 3a Cy¥eT TO 
YTO IPH MpOTOHH3allMH MpOMCXOZHT mpeBpallieHwe MeHbINero HOHa HsO0* 


6oubumit von us0-CsH7OH; c OJHOBPeMEHHBIM YMeHbINeHHeM ynopsoyeHHOC 
MOJIeEKYJI PaCTBOPHTeIA, PACMOJOKEHHEIX B COJIBBATHOH OOOMOUKeE HOHA. 

OtpulaTebHaa 9HTpoM! 
peakUHu B CJTyyae HOHHB3AILT 
apHuikapGHHOJIOB MOKeT ObI 
CJI€ICTBHeEM TOTO, 4TO O6pa3i 
JOWLHHCH APHJIMeTHJIKAaTHOH, | 
OTIM4He OT HOHA aJIKOKCOHH 


Ta6auna 2 
TemnepatypHaad 3aBucumocTb ky H KROH 


35°C 40°C 50°C 54°C 60°C 


k,~ 107, n/momp:cek | 4,02 6,25 18,20 29,40 | 53,90 MMeeT OJHY He3allOJIHCHH 
KROH 10°, 41/Momb 0,574 0,65 4,008 4,44 1,78 oponty. Tlostomy OH MOK 
pKp * —3,24 |—3,19 | —3,00 | —2,85 


—*7  COMbBaTHPOBATECH He TOME 


Spee, 3JIEKTPOCTaTH¥eCKH, HO H 4 
B =1/KRoH — KOHcTaHTa OCHOBHOCTH cnupTa, 
OK ples CTHUHO 3a C¥eT KOOPIMHAIL) 
OHHOFO CBA3bIBAaHHA MOVJICKY 
paCTBOpHTe/IA HJM aHKOHOB, MIpHcyTCTBy1oujMx B pacTBope (17). TlosBneni 
APHJIMETHJIKATHOHA BeyeT K elle OOJIbINeMY YNOPAROMeHHIO 4ACTHIL B pacTBOle 
H, TaKHM OOpa30M, K WaleHHIO SHTPOMHH CHCTeMBI. i 
Ha ocHopaHHu pacyeToB ToyuaeM 


Ry = 2,81+10!%e—21000/RT, Kory = 4,68- 108e—8800/RT | | 
Karcou = 1,05- 107-4e—3280/RT ( 


Hcnoib3yi 3TH BeJIHUHHbI, MOXKHO 3aMHcaTb BbIparKeHHe Mid apcbeKTHBH 
KOHCTaHTbI CKOPOCTH B YHCJICHHOM BHye 


4 ()-4p—3280/RT | 
kyg=2,81 iE SP) Sen ee 9 |. | 4 | (q 


1 + 1,05-10-4e—8280/RT JL 4 4 4.68. 108e8800RT | 


Bpipaxenve (9) NosBomHeT KOHYeCTBEHHO OOBACHHTb H3MeHeHHe E) 
C H3MCHeEHHeM KOHUeCHTpallvH cepHoH KucNOTH. B mpefsembHblx cmyuaa) 
KOra KOHUeHTpallua KUCOTHI Masia H KarconCo XK! U Kronhy <1, Bbip 
*KeHHe WIA ksq OyeT HMeTb BUY 


Rop= 2,81: 10%e—21000/RT ~ 105-10 4e—8280/RT cp, 


T. e€. Esp =21 000 + 3280= 24 280 Kan/Monb; ecuM 2%Ke KOHUCHTPalusd KHCJOT# 
qocraTouHoO BelHKa HW KarconCos>1, Kronhos>1, TO BbIpakeHne Ana k 
OyeT HMeTb BU 


ho = 2,81 - 101e—21000/RT £2, 13. 10 4e8800/RT = 


0 
T. e. Esg = 21 000 — 9800 = 11 200 kan/monp. 


VWucrutyT xHmuyueckol (u3HKH Tlocrynuao 
Axkaylemuu HaykK CCCP 24 V 1960 
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, HTorsange Arkagemuu nayrk CCCP 
1961. Tom 136, Ni 3 


XHMHYECKAA TEXHOJIOFHA 


A. X. BPEFEP, 10. C. PABYXHH u ®. A. MAXJINC 


OB IPSEKTHBHOM HCIOJIBSOBAHHH TENJIOBbINEJIAIOWIUX 
IMEMEHTOB AMEPHbIX PEAKTOPOB B KAUECTBE, HCTOUHHKOB 
7y-MW3JIYYEHWA B PAXHAWMOHHO-XUMHYECKUX AMMAPATAX 


(ITpedcmaeaeno axademukom B. A. Kapeunoim 29 VII 1960) 


I, [[pumenenue TenoBbiqeim0ulHx aIeMeHTOB (TBOJI) sazepHbix peaxTopos 
\KayeCTBe HCTOUHHKOB Y-H3JIly4eHHA B paMalMOHHO-XHMMYeCKHX alnlapaTax 
.*) mpeqcTaBadeT co6ol OfHy H3 BaxKkHeliwux OnWKaliliMXx BO3MOxHOCTeL 
SHOJIb3OBaHUA KOJIOCCAJIBHbIX AKTHBHOCTeH — OTXOJOB aTOMHOMi MpOMbILlWIeH= 
CTH H 9HEpreTHKH B HapOZHOM xXo3siictTBe (*). B cBaA3u C HCOOXOAHMOCTEIO CO- 
JaHHA B TaKHX alilapaTax OOJIbUINX MOILHOCTeli NormomeHHEIX 03 (102 


Hc. 1. CpeqHaa yebHaa MOIMHOCTbh Y-H3yueHHsA P (B MOMAX OT MOMLHOCTH peaKTOpa), 

v I aati . 

IeMMOoUladcA B palMallMOHHOH ycTaHoBKe, na ¢, = 1 uac u t,—8 ac. I— ty / bo seavlie 
I] — ty /tp=14 


-10% pan/cex u Gouee (*)), a Tak2Ke JIA YMCHbIICHHA MOTePb Y-H3JyYeHHA ecTe-. 
BEHHO CTPeMJICHHE HCMOb3OBaTb KaK MOXKHO Oosee «cBexkuer» TBOVI. Op: 
AKO MWHTCHCHBHOCTb Y-H3JIyYeHHA CMeCH OCKOJIKOB JeJIeHHA UH «CBeKHX», 
B9OJI B oco6eHHOCTH yMeHbIlIaeTca cpaBHuTebHO OxicTpo (**). 

Breuy 3Toro pacueT asidpeKTHBHOCTH pa3JIMYHbIX BAPHAHTOB HCMOJIb3OBaHHA 
BOJI B paMal\MOHHO-XMMMYeCKUX alllapaTax He MOKET ObITb BbITOIHEH Ha, 
‘-HOBAHHM MMCIOULMXCA B WHTepatype (°°) MaHHbIX 10 MrHOBeHHOH HHTeCHCHB- 
cTH Y- (HIM B+ y-) H3MyyeHHA cMecH OcKOMKOB. J] TakHX pacueTOB HeO6- 
YIMMO 3HATb CpeHIOIO YAeJIbHY!O MOLLHOCTh Y-H3JIyYeHHA, BbIZeIACMY!O B all- 
apaTe 3a BCce Bpema K paOoTnr On0Ka peakTOp — pajlHal[MOHHO-XMMHYeCK aA 
TaHoBKa (PY): 


| P= >| EI/K = Pity, ty, te, 2): oo 


il 


n 
leCb >) BZ — sueprus Y-H3YYeHH OCKONKOB, BbIeIfeMai B afilapate. 


a 


674, 


> 


(ycTaHoBke) B TeyeHHe padoThr TBOJI B i-m wuKse; tp H ty — Bpemsif 
padoTtst TBOJI coorsercrBeHHoO B peakTOpe WH B YCTaHOBKe 3a OJMH WMKI 
tp =tpy + typi tpy U typ — BPEMHA, pacxogyemoe Ha nlepeHoc: TBOJI cootsercr‘ 

BeHHO H3 peakTopa B YCTaHOBKy H 00 


Llenecoo6pa3Ho BBeCTH elle OU i 
TlapaMeTp — KO3PPHUHEHT «BbIHOCADf, 
SHeEprHH Y-H3sJlyYeHHA OCKOJIKOB B 
yYCTaHOBKY 


te) B/S Ep= te (tpitysta, OF 


f=] t=1 


| 
2 
1 | 


rye E? — sueprusa Y-H3ly4yeHHA OC- 
KOJIKOB, BbIJe/I#eMaa BO BCeM OsIOKel 
PY B i-M wuKae. 

B (?°) 6pio nNoKa3aHo, TOR 
pH UMPKYJIAWHM HeMOHOCTHIO BbI-f 
ropesmux TBOJI B O6noxe PY 


BelHwuHHa P MoxKeT OBITb yBe-§ 
JIMYeHA B HECKOJIbKO pa3 MO cpaB-}, 
HEHHIO C OfHOKPaTHbIM MHCMOIb30-h 
BaHHeM BbIropesuux TBOJI u tof}, 


MaKCHMaJIbHoe 3HaueHve P o6ectie-| 
YHBaeTCA pH ty = tp. OqHaKO peasb-}, 
Hbl Cylydau, Kora 10 KOHCTpyKTHB- 
HbIM, TEXHOJIOTHYCCKHM UJIH 9KOHO- 
MHYeECKHM  COOOpaxKeHHAM MOET] 
OKa3aTbCs THeJeCOOOpasHbIM pexKUM|; 
c ty >fp. B aTomM cayuae pacuer m0) 
ypapHenuio (6) pa6otn (1°%) craHo-}, 
BHTCH MeHee yROOHBIM JIA NpakTH-| 
yeCKUX Ween. 
IIpeycrapsieHHe O BO3MOMKHOCTHXh 

] 10 100 1000 yac. MCHONb30BaHu y-H3syueHua TBOJI 

tp (ty/ty=12.4.7) — IPH pasJIMYHBIX pexKUMax UX pael 

Puc.2.BenuunHa b B yHKUNN oT ty» tJ te OoTb! HeoOxo,uMO wak Ke) Es 
ut, (b;—sHavenne 4 tpn t,/t,—=j). PaCYeTOB SkKOHOMMUeCKOIt apPeKTHB-| ) 
{—t, =0+ 20 mmn.; 2—tg=1 4ac; o— HOCTH TIPHMeHeHHA Pas UdHBIX HC-f 
t,=4 vaca; 4—t, =8 uac. TOUHHKOB U3/yueHHH, Oosee O6OCHO-} 
BaHHbIX C HayuHO-TeXHHYeCKOH TOU- 

KH 3peCHHA, YM OMeHKH, CyemaHHbie B (21,1), 
B janHoi paOote ObliM nomyyeHb! rpatbwueckve uM aHasMTHMYeCKHe BBIpas| 
*KeHHA PyHKunH (1) u (2). 
I]. Ucnonbsya ypapuenne (6) u3 (1°) u mpuHaB typ = fpy, TOnyuHM 


P = 7,88 fP’/[n (0+ 1) — g] 2°? Mas /cex-sr, (3)} 


6 (ty/tp=1247) — 


rye f= 3,1-10!—uueno genenuii B ceKyHLy Ha BaTT TemsoBof Momt-| 


HOCTH peaKTopa; -P' ==>) {aid (8-1) 0 Igy =p a fe Oley ge 14} 


a=1% 
: 
+ Mon 1) + gp] +a[b (04+ 1)4+ 6+ 1)—@]%9}; n=a+b, 0 = (ty +ty)/tp: 
P=ls, Dp: 
acueT sHayeHHH P no (3) noKasan, TO AIA n=1+20; O= 1] — 10; 
¢ = 0,0035 + 0,0833 ypasnenne (3) mMoxHO allipOKCHMHpoBaTL (yHKuHeli 


P/ P, = 4,08Cn*/n(0-+ 1) 12, | (4)| 
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e sMIHpHyeckue KosPhbuuHenTp! C =0,040/(0,170 + @) + 0,25 1g 6; «a =1,14— 
FROGS Gr 10°04 * 
OnyOnukoBaHHble HefaBHO jaHHble (8) NO3BOJIAIOT pacClIMpHTb mpeyen 


JHMCHUMOCTH pe3ysIbTaTOB pacuerow fo 10% cex. SHauenua DEY u SES 
ypaBHeHusx (1) u (2) Obi BHIUHMCIeHbI WyTeM rpauyeckoro HHTerpupoBaHHA 
yuBbIX (8). AHasM3 NOJYICHHEIX JAHHBIX NOKa3ad, ITO AA tp = 1 + 1000 yac., 
/tp=1+10, n=1~+20 ut, =0—8 ac. dyHkuunA (1) MoxerT 6niTb 
IIpOKCHMHpOBaHa ypaBHeHHemM (cM. puc. |) 


PP Py = 10) 6,24 In(tg-E tye ts) 0,5 2], (5) 


e 6 ur onpeyensiotca no puc. 2 u 3. na n> 20 c TouHOcTbW, JocTaTou- 
HH JIA MWpakTHueCcKHX LeseH, MOXKHO NOb30BaTECA topmyvion 


P/P,= 10" [4/4 (n — 20) (1077 — 10698’) 4 20°] /6,24 K(cex.). (5a) 


IIpu 3ToM pacxomjeHHe c pacueTOMyo aHHbIM (8) gocTuraer 10% npu 
< 100 u 20% npu n< 500. 
@Myukuua (2) anmpokcuMupyetca BbIpaKeHHAMH 


ny = 10° 'n"/[nA +1/5(4n—1)B-6%'?] npn n<4; (6) 
== WO7r'n's/ {nA + [5B + (n—4)C]- 6'8/py upu n> 4, (7) 


le A, B,C onpenenstotca u3 puc. 3. Pacuer mo (5) mpHBogquT K HecKOJbKO 
JJIbBUIMM 3HAYCHHAM, 4eM M0 (4), UTO COOTBETCTBYeT YKa3aHHOMY aBTopamH (8) 
ACXOMKCHHIO MeExKLy JaHHpImu (*°) u dopmysoH Be u Buruepa. 

III]. Pacemotpum BansaHue oT- 
JIbHbIX PaKTOPOB Ha appekTHB- 
ICT HCHOMb3OBAHUA Y-H3Nyue- 
ua TBOJIos. 

Buuanue?7,. B ta6n. | 
DHBeJCHbI YCPeAHeHHbIe JaHHble 
yacueT FA n<500; 1 Ktp< 
pl0004ac%7 | < ty /tp << 10;0< 
C tp<8 Yac.), MOKa3bIBalollve, ITO 
pH UpOuMX paBHbIX YCIOBMAX 
ellelecooOpa3sHO CTpeMHTbCA kK 
Hip LION 

Baiwanwe  !ty/tp. Tipu 
,/tp >> 1 He TOMbKO yBenHUH- 
aeTCH BPeMA HCHOUb30BaHHA 
axyoro TB2JIa, Ho MoxeT ObITb 
BeJIHYCHO HW UHCIO KOMIIJICKTOB 
1 TBIJIos. B stom cmyyae Mox- 
O UCHOIb30BaTb HeKOTOpy10 j0- i 
OJHUTCIbHY!IO MOIHOCTb -H3- 
yueHHA H OSYYHTh onOHH- GPT AL ST Sa GAY 
€JIbHOe KOJMYeECTBO TMpOAyKUHH, 
OTA H pW MeHbIUeH cpelHen 
we Ha KarxKIbiit TBO. BP yleoln Colby fo)ant (ip) 

“aKOH pe?KHM, OUeCBHAHO, CBA3aH C JONONHUTeIbHBIMH KalIHTaJIbHbIMH 
aTpaTaMH; C JpyroH CTOpOHbl, pH 93TOM oOGecneynNBaeTca HelpepbIBHOe 
ICHOJIb3OBaHve peakTopa H OOopyyoBaHunx. B vTa6n. 2 noKa3aHo H3MeHeHHe 


> MH Ny B 3aBHCMMocTH OT fy/fp) UpH pa3HUHBIX 3HaueHuax j == ty/tp u 
1 <500 mo cpaBHeHuio co 3HayeHuamMu pw j=1 ana m=1. 


|B ta6m. 3, cocTaBjieHHOlt Ha ocHoBe Ta6l. 2, noKa3aHO H3MeHeHHe CyM- 
fapHOM CpefHei MOUIHOCTH Y-H3IyYeHHA (Poom. = mP; pu m= j) u yn, npH 


t,—_ 


1 


ZR ee ee a n 
WPY age ete Ht 345681 2 345680" yac 


tists 


Puc. 3. Ounupwyeckue Kosdduanentsi A (Z,), 


* Ouenka ans 1, / ty = 4 qaer ananornunpli xoq usMeHeHua P (ty / fy) HN, (ty (| ty). 
1 JAH, 7. 136, Ne 3 673 


Ta6nuna il 
~10 


tp/tp ~0,04 ~0,1 ~41 
P/ P (t,=0) 0,95+4,0 0,8+0,95 0,3+0,7 0,02+0,2 
Ny/Ny (t3=0) ~0,9 ~0,8 ~0,4 ~0,4 
Ta6anna 2* 
ta/tp 0 0,04 0,4 1 x 
Bip, 0,83-+0,94 0,86+-0,88 0,87-+-0,88 4, 05-1, 44 
Pi/Pi 059+0,71"  0,61-.0,67 0,67 0,91-+-0,95 
PAE, 0,3-+0,38 0,31-+-0,38 0,31+-0,36 0,56-+-0,59 
val ty 1,3 1,3 rs 1,45 
Thy The, 1,6 1,6 1,55 1,9 
“in, 1,8 1,8 1,7 2,3 
Yao" Ya 


* 3yecb P; 4 Ny —sHavenua P # My npu j=ty/tp. 


U3 ta6n. 3 BupxHO, YTO WemecooOpa3sHO OCTaHOBHTECA Ha ty/tp = 4, Ta 


Tak IIpH JlaibHefilleM YyBeNHYeHHH 3TOTO OTHOWeHHA MpupocT Pooy CTAaHo- 
BUTCH He3HaYHTeJIbHbIM. 
Ta6auna 3 Bausuue ftp. Iput,/tp<0,1 


j-th Tae 4 10 Panru6atua tp, anpu ty/tp > 0,18 
D a **P 3aBuCHT OT COOTHOWIeHHA BCeXe 
P P : 
o6ut./ ; sea Sue eS (baKTOPOB CJIOXKHBIM OOpa30M, Tpe-§ 
ny/Ny, 1 47 Orel, OEE eae paliag, OYIOULHM HcCeloBaHuA B KaxKOM 


OTeJIbHOM cyryuae.B Ta6n. 4 anal 


ipHMepa IIpHBexeHbl 3HayeHHaA P u y, Kak byHKunu ¢p upu t,=1 yac uf 
HEKOTOPEIX (MHKCHPOBAaHHbIX 3HAYCHHAX OCTAIbHbIX BeIHUHH. 
TakuM O0pa30M, B BbIOpaH- 
HOH HaMH panee OOmacTH 3Ha- Tapa as 
yeHHH fp, tyjtp; ta/tp cHe- 
yet CTPpeMHTbCA K BO3MO2KHO TESS Sere Pe eae 
MeHbIUHM 3Ha¥eHHAM 1). 1 | 1 ( | 100 | 1000 
IlonyyeHHble B HacTosilel | 
paOote JaHHble MoryT Opitpuc- K =1 1.; nt, =0,25 r. 
MOJb3OBanbl Mp pacueTe s0- ia 
ObIX pajHallMOHHbIX YCTaHOBOK (P/Po)-108 0,77 | 0,72 | 0,44 | 0,22 | 
C IIpHMeHeHHeM B KauyeCTBe HC- "Ny Dit Ordeal D LEMp Ones 
ToUHHKa y-H3nyseHuA TBOJIoB Kk =1,5r.; nt, =0,5 7. 
AM€PHbIX peakKTOPpOB, paodora- "i 
IOWMHX Ha TeIJIOBbIX HeliTpo- (P/Po)-10° 0,74 | 0,85 | 0,44 | 9,27 
Hax. Ny 0,144) 0,128) 0,064) 0,039 
Tlomb3yacb culyyaem, BBI- 
paxkaem OnarogapHoctrb M. [. Edumosy 3a weHHoe o6cyxfeHue aHHOli 


padoTnt uC. MW. BepecrenKoh 3a MOMoUlb B otbopMmeHuu rpacbuyecKoro Ma-| 
TepHawJia. 


@y3uKO-XHMHUeCKHH HHcTHTyT HM. JI. HM. Kapnopa Tlocrynusio 
Mockosckvwit HHCTHTYT XHMHYeCKOrO MAaLIHHOCTpoeHHs 11 VII 1960 
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Jloxnann Arkangemun nayrk CCCP 
1961. Tow 136, Ne 3 


XHMHYECKAA TEXHOJIO‘THA 


fl. 0. MATHKON 


K KCCJIEROBAHKWO XPOMKTA B HArPEBATEJIBHOM MK KPOCKONE 
(I]pedcmasaeno axademuxom H. B. Beaossim 15 VII 1960) 


H3yuenuio H83MeHeHHA XPOMUINHHeIMa IPH HarpeBaHuN B NoceqHee BpeMA 
JIIO NOCBALICHO pa padot ('"), B KOTOPbIX, BOMpeKH paHee CylMlecTBOBaBIIeMy 
MHEHHIO OO HHEPTHOCTH XpOMIINHHeIH La pH OOxkure, NOKa3aHO, YTO XpoMmUINH- 
HEH], JIETKO HW IPH CpaBHHTeJIbHO HH3KHX TeMIlepaTypax NpeTepnepaeT BecbMa 
CYIIECTBEHHBI€ H3MCHCHHA. OTH VW38MCHCHHA, KaK YyCTaHOBJeHO XHMHYeCKHM 
mytem (1), HayHHatoTcs mp 320° uv 3aksI0ualOTCA B OKUCIeHHH FeO xpomummn- 
Heua 20 FesOs. Ilocne narpepanua npu 1200° o6xapyxeHHbie nox MuKpocKo- 
OM HeMpO3pauHble BbIJeeHHA B 3€pHaX XPOMINMMHeETHZa OblIM OTHECeHHI (?) 
K R2Os-cbase, YTO 3aTeM GObIIO MOJTBEpKJeEHO PCHTTeHOrpauyeckuM MeTOJOM 
Ha OOpasiax XpOMUTOBOH pyJbI Mocme HarpeBa up 1450° (*). B yanpuefinem 
ObIIO +yCTaHOBJeHO (°), uTO OO6pa3s0BaHHe TBepsoro pacTBopa F203 - CreOs B 
Bue CAMOCTOATebHOH R2Os-cbasbl MpONCXOLMT WH Upu Oowee HusKux (1000°) 
TeMIlepaTypax, a BbIJeeCHHA HTONbuaTbIX OOpas0BaHHt TeMaTHTa HaGwtopa- 
IMCb B XPOMUINHHEIMIe, HarpeToM yxe mpH 530° (4,5). 

B pa6dote Touuaposa u Ipoxodpexnon (°), HCCJIeMOBaBIIMX H3MeHeHHe XpOM- 
WINHHeIMLa Mocse HarpeBaHHaA MpHu 1400—1700°, urnoo6pasubie Bblenenua, 
MOABJIAIOWeECH B 3e€PHaX XPOMININHHeNHa, paCCMaTPHBaOTCH Kak BTOPHUHAaA 
R2Os-cha3a, OOpa30BaBliascA B pe3yJIbTaTe OKHCJICHHA XPOMUINHHeEIHLa IpH 
OXJaxKeHHH. B TOW we padoTe aBTOPpaMH BbICKa3aHO COMHeHHe B OTHOUICHHH 
BO3MOXKHOCTH MOABNCHHA TeEMaTHTa pH OKHCJIeHHH XPOMUUIMvHenHZa. OnHaKo 
3TO COMHEHHEe, M0 HallleMy MH€HHIO, HEOCHOBATEJIbHO, NOCKOJIpKy HCCIeLOBaHHe 
W3MeHeHHH B XPOMIINMHeNMMe Npu Temnepatypax HMxKe 700° umu He mpoBomM- 
NOCb. 

B HacTOALLeEM COOOIICHHH MpHBOLATCA TaHHbIe mo uccyieqOBaHHIO KeMNMp- 
CaHCKOH XPOMHTOBOH pyjbl C MOMOMIbIO CKOHCTPYHpOBaHHOM ABTOPOM yCTaHOB- 
KH BBICOKOTeMMepaTypHOrO MHKPOCKONa, MO3BOIAToOUeH MpOBOUTb MCceELO- 
BaHHe MOJIMpOBaHHbIX WNpOB XPOMHTOBOM pybl B OTpaxeHHOM CBeTe HeIO- 
CpecTBeHHO IIpH Mofbeme Temmepatypbl HM B Mporecce BEyep2KH, Bo 1100°, 
B aTmocdepe Boszyxa. Vccneqonanuio MOMBeprvivch MOMpOBaHHble WHpbI 
MACCHBHOH CpeHe3epHHCTOH KeMNMpCaHcKOH XpOMHTOBOH pyAbl U3 pyHuKa 
«O6beuHeHHHI». PesysbTaTbl STHX HCCIeEORAHHH KOPOTKO 3aKJIOUAIOTCA B 
cle yIouleM. 

B HeOKHCJICHHOH pa3HOCTH KeMMHpCaHCKOH XPOMHTOBOH pybl MepBEle Tpu- 
BHAKM OKHCJICHHA XPOMUINMHe Nya HaduOLasucbh NOX MukKpocKoroM npn 300° 
Moce 5-yacoBoh BbIJepKKH, T. €. Np TemlepaType Oomee HU3KOH, YeM ODIO 
ycTaHOBeHoO paHee xHmu4yeckuM nyTeM ('). I]pH sTom Ha nomMpoBaHHoli mMo- 
BEPXHOCTH 3e€peH XPOMUINHHeIHAa HaOJIOLaOCb OOpasoBaHuve OesIbIX MoOC 
(puc. 1,A). Monocni stu nepBoHauaIbHO pa3BHBaIOTCA BAOMb HaHOONee TOHKUX 
TPelHHOK B 3epHaX XPOMIUMHHeEINAa HU NpelCTaBJAIoT coOoM TOHYAMWIMe OKHC- 
JICHHbIC TWWIeHKH O6e3 BHMMbIX CTPYKTYPHbIX SJIEMeCHTOB HX cTpoeHHA. B oTpa- 
QKCHHOM MOJIAPH30BaHHOM CBETE STH MOVIOCHI OOsaaioT, B OTMM4Me OT XPOMUIT 
‘Heswfla, pe3KO BbIpaxKeHHOH aHH30TporHen. 
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B novIMpoBaHHbIX WIMcdax XpOMMTOBO pybl, NOABeprulMxcaA HarpeBaHHio 
B TeyeHue 7 uac. mpH 400°, Mo MUKPOCKONOM yrKe BUHO, 4TO OeVIbIe MOJOCHI 
B 3€pHaX XPOMIIMMHeMa COCTOAT M3 rycToOu ceTKH TOHYAaliMIMX (<1 pW) OembIx 
HFOJIbYaTHIX OOPas0BaHHit WIMHOK oT 2 WO 5 pw, NpMHaewalll“x TeMaTHTy 
(a-Fe2Os). 

TIpu 500° B mpomecce oKuCIeEHHA XPOMUINHHeIM Aa Ha NOJMpoBaHHON NoBepx- 
HOCTH 3epeH MocseqHero Hapsay C XApaKTePHbIMH MFOJIbYaTHIMH OOPasOBaHHAMU 
Fe2O3 NOABJIAIOTCA MembualinmMe (0 2 Ww) ToUeWHbIe OOpas0BaHHA, OOaarollHe 
pe3KO BbIPaxKeHHOH AHH30TPONHeH, BHYTPCHHHMH pedleKcaMH CBeTJO-3e/1eHOrO 
wBeTa H Oosee BbICOKOM OTPaxKaTebHOM CMOCOOHOCTHIO, YeM Y HPO/IbUaTbIX 
BLIMeeHHH reMaTHTa. Pa3iMune B (bopMe, OTparxkaTe/bHOH CMOCOOHOCTH HM Ha- 
JIMUWe CBeTJIO-3@JICHBIX BHYTPeCHHHX petPIeKCOB yKa3bIBalOT Ha TO, UTO MbI HMeeM 
yeno c Apyrou, oTmu4HOH OT Fe2Os, o6oco6eHHOH MHHepasIbHOH (aso, OTHE- 
ceHHoii Hamu K CreO3s. OcoOeHHO pesKoe MpOmBeHHe JByX MHHepaIbHbIx cas 
Fe2Os u Cr2Os HaOnoqaeTca B MOJIMpOBaHHbIX WIMpax, NOABepruiMxcaA HarpeBy 
mpu 600° u spe (puc. 1,5). 


B MOJMpOBaHHBIX WuMdax, HarpeTbIx Bpte 600°, KomMueCTBO TOUCUHBIX | 


BbiqeneHui CreO3s Bo3pacTaeT, a KOJIMYeECTBO HTO/bUaTHIX BbITeTeHHi Fe2Os 
yMenbulaetca. Hauunaa c 800° B cBeTm0-3eeHOBaTHIX BbIemeHHAx Cr2O3 Ha- 
YHHAIOT NOABJIATECA SJIeEMeHTHI 2KeJTOBaTHIX HW OypoBaTHIx (1000°) BHYTpeHHAX 


pedbieKCOB, 4TO, M0-BHJHMOMY, ykKa3biBaeT Ha Hayao OOpas0BaHHA TBepJOro | 
pactBopa CreOs - FexO3s, a Bo3MoxHO yacTHYHO Hw Al2O3 (R2Os-cba3a). Ilpu | 


1000° urombuaTble aHH30TpomHbIe OOpa3s0BaHHa FesO3 ucuesaioT. BmecTo Hux 
NOABJAIOTCA M3OTPONHbIe TOYeUHbIe OOpas0BaHHA, OTHOCALIMeCAH K MarHeTUTy 
(FesO4). O6pa30BaHHe MarHeTHTa MpowcxoqUT 3a cueT WuccouManHH Fe2Os, 


TemilepaTypa KOTOpOH CyUlecTBCHHO MOHMKaeTcA B IIpPHCyTCTBHH IIMMHEIbHON | 


(basbl, B JaHHOM CJIydae xpomummuHenuga. Hayano muccouMauHH BbIjeeHHi 
Fe2O3 B XpOMIINHHeMe B MHTepBasle Temmepatyp 1000—1200° Orim0 ycTaHoB- 
JieHO TakxKe HM peHTreHorpadwyeckuM MeTOOM uccrexoBaHuaA (*). 

Ha MmoJIMpOBaHHOl MOBepXHOCTH 3epeH XPOMUIMNHHeNHLa, NOMBepriuuxca Ha- 


rpepanuio mpu 1100°, na6mozaiotca BBe pe3sKo OG0COG6IeHHbIeC MHHepaJIbHEle | 


cass: 


a) TOUCYHEIe, C pe3KO BLIPAKeHHBIM S¢=PeKTOM aHH3OTPONHH, BbIjeneHHA R2Os 


pasbi (CyukecTBeHHO mpeoG,laaroT); 


6) Kpynupie (qo 30 ) uqMomopdunre (puc. 1, B) u3s0TponHble KpHCTAaJJIBI 
MarHeTuTa. IlocnenHHe, O4eBHAHO, Coslep2%KaT B BUe M30MOpdpHOH MpHMecu 
HeOO/IbUIOe KOMIMYeCTBO Cr2O3, HM NOSTOMY HX MOKHO OTHECTH K (beppoceppxH- | 


xpomuty — FeO(Fe, Cr)2Os. ; 

OGpasyronujvecd Ha MOMMpOBaHHOM MOBepXHOCTH 3epeH XPOMUINMHeIMLa KpH- 
CTaJJIbl MarHeTHTa B OOJIbINMHCTBe CJlyuaeB HMeIOT MpekpacHO BbIpaxkeHHble 
rpauu oxtasipa (puc. 1,8). Tocuequue opwenTupoBaHbl MapaJiebHO MOJHpo- 
BaHHOH NOBeCPXHOCTH UWWIMda. SHAaYHTeIbHO pexke BCTPeualoTCA KPHCTAaJVIbI, B 
KOTOPbIX Pa3BHBaIOTCA rpaHH WecTHyrosbHOK cbopmur (puc. 1,/). Hammune ux 
OOYCIOBJIeHO, MO-BHAMMOMY, JelicTBHeM MIOCTOPOHHUX MpMecel, H B YaCTHO- 


ctu Cr2O3, acop6upoBaHHbIx Ha pacTyllux rpanax Kpuctana (§1). Vase-| 


CTHO, HalpuMep ('”), TO MO], BAMAHHeM MpHMecH HeKOTOpble U3 PaBHOBeCHEIX 
rpaHew KpHcTaima MoryT MCuesaTb, a APyrve TpaHH, KOTOPbIX Ha 4YHCTOM 


KpHCTaie HeT (HepaBHOBeCcHbIe rpaHH), MOryT NOABAATBCH Ha PaBHOBeCHOH | 


cbopme. 


Takum 06pa3oM, B pe3ysbTaTe MpOBeeHHOM paOoTH BMepBbIe yXasOcb He- | 


MOCPEACTBCHHO NO MUKPOCKONOM HaOJOLaTb MpOWeccbl OKHCJIeEHHA XPOMIINH- 
HeJIMa, HaYaIO KOTOPbIX WIA HeEOKHCMeHHEIX py Kemnupcalicxoro Mectopox- 
NeHuA Oblio 3ameyeHo yxe mpu 300°. 

B mpouecce oxucneHua xpomumuHemmga mpu 500° Hapany c BbileneHvem 
HONbYaTHIX OOpasoBaHHii a-Fe2Os HaOmoqaeTca, MapadienbHO C HMM, BBI- 
henenue CreOs. Ip temnepatype oxouto 800° IIPOHCXOMT HayaJio O6pa3s0BaHHA 
TBEPABIX PaCTBOPOB Mexyy a-FesOs u CreOs, T. e. OOpas0BaHve Tak Ha3biBae- 
MoH R,Os-cbasni. 
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Puc. 1. Tlomupopanupie wi1udet KemnupcalicKol XpOMHTOBOH pyfbl Mocme na- 
rpesanun. A —mnpu 300° B Teyenve 5 yac. Bevpie noulochl! Blolb TpeulHH — 
TOHUALIUHe MNICHKH H3 CyOMHKPOCKOMMYeCKHX BbIeTeHHH TremMaTHTa. CpeT otpa- 
2KCHHbIM, MOAPHSOBaHHbI, HAKOH cKpeulenEt, 100 X. 5 — npx 700° B TevenHe 
2 yac. (Ba noma). Cnepa — 3epHO XpOMUINHHeHa C OeIBIMH TOUCUHBIMH BpIe- 
meHuamu CreOs. CBer oTpaxXeHHbIii, MOAPH30BaHHbIM, HAHKOUH CKpelllenn. 
CnpaBa — 3e€pHO XpoMIINHHeAHAa C HFObYaTbIMH BbIeeCHHAMH G-Fe2Os3. Caer 
oTpaxxeHHbI, npocto. 500 x. B — mpu 1100° B Teuenne 2 uac. Mgnomopdunie 
KpHcTaibl — deppodeppuxpomut. Besbie ToueuHble BbULeeHHA MeKy | KpH- 
cTaiamu ceppotbeppuxpomuta a-R2Os-fpasa. Cper oTpaxkenHbii, mpoctoi. 
2000 x. f — To xe, 4To Ha puc. B. Kpuctana deppoteppuxpomuta. Bugzue 
9Tabl pasBHTHA rpanel KpHcTamma. Caer oTpaxkeHHplt mpoctot. 2500 x 


GAH, rt. 136, Ne 3, Iatuxon 


* 


IIpu 1000° 8 pesybtate Havana puccouvauuu FesOs Ha nomupoBanHon 
MOBEpXHOCTH 3epeH XPOMUINMHeEIHLa cpeqH OCHOBHOH MaccbI ReOs-cba3bi Ha- 


OlofaetcA OOpasoBaHve HHOMOPMHBIX KPHCTaJJIOB MarHeTUuTa (deppodep- 
PHXpOMuTAa).: 


Y kpavHCKHli HayuHO-HCCMeEMOBaTeMbCKHH Tloctynuao 
HHCTHTYT OFHeynopoB 15 VII 1960} 
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Jloxxann Akawemun nayr CCCP 
1961. Tom 136, Ne 3 ‘ 


rEOJIOPHA 


B. H. BAPAHOB wu JI. M. ATAMKUH 


HOBAS HAXOAKA BEPXHEOJIMFOWEHOBON ®JIOP bi 
B 3ATIAMHOM KA3AXCTAHE 


(IT pedcmaeneno akademuxom B. H. Cyxaueeoim 26 VIII 1960) 


Martepvanom JIA WaHHoli paOoTL! NocwyKUNa KOMWICEKWHA OTMeYaTKOB JIM- 
CTbeB HCKOMAeMbIX PaCTeHHH, IpucaHHaA Ha Kadelpy CHCTeMaTHKH pacTeHHH 
Kasauckoro rocyapcTBéHHoro yHHBepcutTeta reosioromM KycTaHavCKOH MOMCKO- 
BO-CbeMO¥HOH aKcnemunnH A. HM. Bapaska. Sta komnekuuaA Oblua CcoOpana 
B OOHAKEHHH B 10%*KHOH uacTH KycTaHalickol oOnactTu, B 3 kM oT p. BasumbOek 
u B 130 km K ceBepo-3anagy oTr. Typrali. 3yecb Ha JHEBHY!O NOBepXHOCTb BBI- 
XOMHT Yarpalickad CBHTa, OTHOCHAULaica K BepXHemy ouMroueHy (7°) HIM HHXK- 
HemMy MHoueHy (7). Ona NpescTaBsieHa KBapleBbIMH MeCuaHHK4aMH Ha KeJIeSHCTOM 
IeMeHTe H COJepxKHT OTMeaTKH suCcTbeB. Bcero HaliqeHo 25 oTMeyaTKOB, OT- 
Hocamuxca K 10 Bunam u 7 cemMelicTBamM: Populus balsamoides Goepp. (3 or- 
meuaTKa), Myrica sp. (2  oTneyatka), Pterocarya castaneifolia (Goepp.) 
Schlecht. (1 ormeyatox), Betula prisca Ett. (1 ormeuatox), Betula subpubescens 
Goepp. (1 orneuatox), Carpinus grandis Heer (7 ormeyaTKos), Fagus antipovii 
Heer (7 otneyaTKos), Quercus alexejevii Pojark. (1 ormeyarox), Ulmus carpi- 
noides Goepp. (1 ornmeyatox), Cercidiphyllum crenatum (Ung.) Brown. (1 or- 
TleuaTOK). 

Bee nmepeuHcJieHHble BHJIbI ABJAIOTCA XApAKTePHbIMH MpeCTaBHTeIAMH JIH- 
cToNaqHOH TypralcKoH dopbl. OHH W3 HAX XOPOWIO NpesCTaBJeHbI B OJIHTO- 
ueHe Kasaxctana (Populus balsamoides, Pterocarya castaneifolia, Carpinus 
grandis, Fagus antipovii, Ulmus carpinoides), Ho jpyrue mo cero sBpe- 
MeHH ObIJIM H3BeCTHbI AIA OMPOWeHa Ka3axcTaHa TOmbKO M3 Autytaca (Betula 
subpubescens, Quercus alexejevii, Cercidiphyllum crenatum). Ilocequee 
OOCTOATEIbCTBO MO3BOHeT COMH3UTb Hally dbuopy c daopow AuryTaca, xorTa, 
KOHEYHO, MOCJeqHAA BO MHOFO pa3 Ooraye. OnHaKO WHpoOKad MpesCcTaBsIeHHOCTb 
B Halle dope Carpinus grandis, KoTopbii oTcyTcTByeT BO dope AuryTaca, 
oOpasyeT TO OTIMUHe ee OT NOCMeqHeH, KOTOPOe XapaKTePHO IA BCeX 3aaqHO- 
Ka3aXxCTaHCKux duiop. Uro »%e KacaeTCA A pyruX Ka3aXxcTaHCKHX (:biop yarpau- 
CKOH CBHTbI, TO BHOBb HalieHHad (:blOpa HMeeT MHOFO OOWero C HHMH, 3a HCKJIIO- 
YeHHeEM YIOMAHYTHIX «alllyTacCKHxX» 3memeHToB (*,*). TakuM oOpa30M, Halla 
(piopa, O61aqad ACHO BbIPaxKCHHbIMM 3allaqHO-Ka3aXCTaHCKMMH YepTaMH, HMeeT 
M HeKOTOpOe cCxocTBO c (opoH Auryraca. Bo BcAKOM cmyyae He NpHXOMHTCA 
TOBOPHTb O KaKOH-TO MCKJIIOUHTEIbHOCTH MOCeMHeH, CCIM He CIHTATb €€ HCKJIIO- 
YATebHOrO OoraTcTBa, 3aBHCAULerO, HECOMHEHHO, OT OarOnpHATHbIX yCOBMH 
(poccHIH3alHH. 

I]o crpaturpadpwyeckoMy MOO%KeHuIO Halla dlopa BXOAUT B COCTaB TaK 
Ha3bIBaeMOrO KaKBHTaHCKOrOy KomMeKca B. C. KopHusoBol, KOTOpbIH XapaK- 
TepH3yeTCA MCyeSHOBeHHeM TaKHX XBOMHbIX, Kak Taxodium, Suquoia, Meta- 
sequoia, Cedrus, Tsuga, Hu wHan6oee TenMOMOOMBIX UIMPOKOMHCTBEHHBIX 
(Cercidiphyllum, Liquidambar, Platanus) u, Hao6opoT, MaKCHMaJsIbHBIM pa3- 
BHTHEM MeHee TeMJIOJNOOMBbIX WIMPOKOJIMCTBeHHBIX (TONOMA, BA3bI, OyKU, se- 
UlMHa, KeHbI u yp.) (*). Telicrautenbuo, B Halle (biope HeT HU XBOMHbIX, HU 
JIMKBHaMOapa, HM wlaTaHa, HO MMeeTcs Cercidiphyllum, u sTo ManeHbKoe 06- 
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TOATEJIbCTBO 3aCTaBJIACT YCOMHHTbCA B HC¥Ue3HOBEHHH BCeX Goslee TelIOWI0- 
MBbIX SJIEMeHTOB B BepXHeM OvIMrolleHe Ka3axcTaHa. HenouaTHo Take u 
C¥e3HOBeHHe TCYrH B 9TO BPeMA, CCJIM YYeECTb, YTO OHA, HAaNpHMep, CyULeCTBO- 
ala B BepXHeM MHOWeHe Kamu, B yCOBHAX ropa3q0 Gomee XOJORHOFO KJIH- 
aTa HW TocnoycTBa XBOHHO-Tae@xKHbIX JlecosB ('). 

M3yyenHad HaMH Qblopa OTpaxkaeT WHPOKOJIHCTBeHHbIN OyKOBO-rpaOoBbiii 
ec C IIpHMecbioO JyOa, Oepes, WaNHHb, WepuuANpuaayMa. Ha Oeperax Bogoema, 
me MpOwCxosMa POCccHIM3allMA, HAXOMUCh 3apOCJIM TOMOMA, BASA, BOCKOB- 
uKa. OcnoBuaa siecHan topMallua Toro BpeMeHu — OyKOBO- rpadospiii ec, — 
O-BHJMMOMY, HallOMHHala COBPeMeHHbIe WIMPOKOJIHCTBeHHBIe JIeCTHE-3eJIeHbIe 
eca SIMOHHM C HX OyYKOM, JaNHHOH, LepiuqudussymMom, rpadom, ny6om. Ko- 
CUHO, 3TA aHaJIOPHA asieKO He MOJIHa, HO KOe-YTO JIA BOCCTAHOBJICHHA KJIH- 
ATHYCCKHX YCJIOBHi OHA MOKET aTb. ) 

IupokowucTBeHHble JIeTHe-3e1eHbIe JIeca ANOHHU pacTyT celiyac B yCIOBHAX 
aKHOrO WM TelIOyMepeHHOrO KIHMaTa\ (cpeqHAA Temllepatypa ulonA 20—24°, 
HBapa 0 — 4°; rojopoe KomMuecTBO OcazKOB 1000 mm u Gouee). Bepostuo, Ta- 
OH 2Ke KJIHMAT CyUeCTBOBA H B BepXHeM OwHroveHe B GanaqHom Kasaxctaue. 
[al BbIBOJbI O KJIHMaTe MOATBepxKaloTca u BbIBOamMH A. H, Kpnuitocdbosuya, 
OTOpHIH ja AuryTaca IpHHuMaeT CpeHio10 rosoBylo TemMepatypy 20°, Buax- 
oe JIeTO HM BO3MOXKHbIe HeOOJIbUINe MOpO3bI 34MOlW (°). 

UTo KacaeTcA BO3pacTa BHOBb HaleHHOH (bopbl HM BOOOMe YarpalicKol 
3HTbI, TO, MO-BHJHMOMY,OH ABJIACTCA BePXHEOJIHTOWeCHOBbIM, a He HHKHEMHO- 
eHOBbIM, HOO, BO-MepBbIX, Halla (lopa HMeeT MOMHOe CXOACTBO C A PYrHMH OVIH- 
JUEHOBLIMH dlopamH KasaxcTaHa, M, BO-BTOPbIX, HHKHEMHOWeHOBAA (plopa 
yuryka u3 KyctaHalicxou o6n., usyyeHHan B. C. Kopnuusoson (°), otmmuaetca 
TCYTCTBHEM TaKHX OODIUHBIX JIA OHTOWeHa Ka3axcTtaHa cbopM, Kak Carpinus 
-andis, Fagus antipovii, Hu, nHao6opoT, MpHcyTCTBHeM J3eJIbKBbI, Y3KOJIHCT- 
bIX JYOOB WU Ap. To xe CleqyeT CKa3aTb HM O MHOIMeHOBLIX dbopax SanayHoH 
HOUpH, rye Takxe HeT Carpinus grandis u Fagus antipovii, Ho ecTb, Hampu- 
ep, Alangium, koToporo HeT B Ka3axctaue. 


KasaHcKuli rocyapcTBeHHbIt yHHBepCcuTer Tlocrynuao 
um. B. MW. Yapanopa-Jlenuua 25 VIII 1960 


UMTHPOBAHHAA JIMTEPATYPA 


1 B.YW. Bapauos, Sranb pasBuTua (popbl H pacTHTebHOCTH B TpeTHUHOM mMepHone 
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“ rEOJIOCH# 


o 
. 


B. H. BYJJAHOB, A. M. MECXH, B. H. BOJIKOB u C. H. KHPHJIJIOB 


OB 3MOXAX FPAHHTOHAHOTO MATMATH3SMA TAMHPA HW AAPBA3SA 

2 = ({Tpedcmaeaneno axademukom JI. B. Haauexuneim 24 VI 1960) ' 
#s Kak 0Ka3aJIW MHOFOUHCJIEHHbIe HCCJICOBaHHA OTEYECTBEHHBIX H 3apyOexk- 
HbIX TeOJOFOB, 29MOXAMH TpaHHTOMAHOrO MarMaTH3Ma O3HAMCHOBBIBAIOTCA BarK- 
HbIe PyO@KU B PasBHTHH NOABWKHBIX MOACOB. OTcioya BLITeKaeT HEOOXOAMMOCTE. | 
H3y4CHHA PpaHHTOMAHOTO MarMaTH3Ma [JIA MOYYeHHA ACHLIX pescTaBseHui 
06 WCTOPHH KOHKPeTHBIX TMOJBH2KHbIX MOACOB. ‘ 

Hamu mpeAmpuHATa NOMbITKa MpOaHanMsupOBaTb NoMOKeHNe TpaHUTONI- | 
HbIX HHTpy3HH B Mpouecce reosoruyeckoro pa3sBuTua Ilamupa. OTHOCHTeJIbHO | 
XapakTepa MarMaTH3Ma BOOOUIe, H PpaHHTOMAHOTO — B YaCTHOCTH, Ha TeppH- | 
TtopHu Ilamupa nepBble NpelcTaBseHHA ObIIM NOJYYeHbI B pe3syibTaTe paboT 
JI. B. Hanusxuna, B. A. Huxomaepa, A. I]. Mapxoscxoro u ppyrux reonoros. | 
Tamxuxkcko-[lamupcxoh akcnequuuu. Han6oee NOHO 93TH MaTepHasIbI H3J10- 
*KeHb! B padote B. A. Hukonaepa (*) Jlanee, cyulecTBeHHble HOBbIe JaHHbIe 
ObltH noyueHb! H. K. Moposeuxo, B. II. Bapxaropsm (1956 r.), B. A. Macnenu- 
KOBBIM (1955 r.), H. A. Xopepprm, M. X. Xamugospm (°). TlocneqHaa m0 Bpe- 
MeHH CXeMa MarMaTH3Ma Ilamupa nana H. K. Moposeuko B X XIV Tome Teou0- | 
rum, CCCP! (1959 r:). 

Kak OyjeT BHAHO H3 JasbHeHWero H3IOX%KeHUA, Hallla CXeMa, NOJyyeHHAs | 
B pesyubTaTe paOoT OoubWOro KOJeKTHBa reonoroB IlamupcKkol sKcneqHWHuE 
B TeyeHHe 1956—1960 rr., NpHHUWNHAaIbHO OTMMUAeTCA OT BCeX TIpeAbIMyULUX. 
CXe€M, XOTA HM BKJIOUaeT HEKOTOPbIe HX 3JIEMeCHTHI. 

Ilamup sBuIseTCA YaCTbIO OMHOTO H3 HaHOosIee NOMBYXKHbIX NOACOB SemaAu — 
CpequsemHomopcKxoro. Ha Ilamupe Haxog_aT cBoe MposoumKeHHe reomornyue- 
ckue cCTpykTypb! Kyus-Jlyaa u Kapakopyma. B Kyub-JlyHe uuka aKkTHBHOrO- 
Pa3BHTHA, BbIpasHBLIHHCA B HAKOMJICHHM MOU[HBIX TOV, reOCHHKJIMHaJIbHEIX. 
OcayKOB HW B OOpas0BaHHH MOULHbIX TeJI TpaHHTOB, MpoTeKasl B Maveo30oe, ° 
B KapakopymMe — B Me3030e. IIpofomKeHve STHX Pa3HOBO3PaCTHHIX COOpyxKe- 
Hu Ha Ilamupe u O6ycs10BUO 30HAIbHOCTbh NocseqHero (°). : 

CTpykTypHO-(alaIbHbIM WM TeKTOHHYeCKHMM palionupoBpaHuem Ilamupa’ 
B pa3sHoe BpeMa”A 3aHHMasucb J. B. Hanupkun, B. A. Huxomnaes, A. II. Map- 
KoBCKHH, O. C. Banos, WM. E. Ty6uun, B. II. Bapxatos, H. K. Mopos3exxo,. 
M. M. Kyxruxos. IpHununp, 1omOxKeHHbIe STHMM HCCIEMOBAaTeIAMH B OCHOBY” 
paHOHHpPOBaHHA, 3auacTy!IO Ppe3KO OTHUAaIHCb, H MOMyyeHHe Ooee HH MeHee: 
OJHO3HAUHbIX Pe3YJIbTATOB CBHJCTEIbCTBYeT O TOM, 4TO Ha I]amupe OObeKTHBHO: 
cyllecTByeT 10 KpalHeH Mepe YeTbIpe 30HbI (c CeBepa Ha tor): 1) 30Ha SaanaH- 
ckoro xpeOTa, 2) 30Ha CepepHoro Ilamupa, 3) 30Ha Llentpanbuoro Ilamupa,. 
4) 3ona IOro-3anaquoro Ilamupa. lOro-Boctounpit Ilamup ppemenamu BBIye- 
JAJICA B KAYeCTBE CAMOCTOATEHOH 3OHbI, B Apyrux padoTax paccmaTpuBaNem 
B cocTtape Llentpambuoro Ilamupa. 

TJo B. I. Bapxarosy (!), 1-4 30Ha xapakTepu3yeTca pasBHTHeM Me30-Kail- 
HOSOHCKHX OTJIOXKeHHK MOCMEreOCHHKJIMHAIbHOTO 9Talla PasBHTHA JenmpeccHoH- 
HOrO THNa HW pa3jesAeT CHCTeEMbI CJIOKHBIX CKaquaTHIX nomHATHH Anmaa-[uc- 
capa u Ilamupo-Jlapsa3a. 2-4 30Ha CIO%KeHa B OCHOBHOM Mavleo30HCKHMH reo- 
CHHKJIHHAJIbHBIMH OTJIOXKCHHAMH HW COOTBeTCTByeT 30He Kyub-JlyHa. 3-a 30H@ 
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Bos- 
pact 


Cr,—Pg 


1Js5—Cr; 


P,—T 


PZ, 


PCm 


Soup! Ilamupa u pe- 
THOHAJIbHbIe CTPYKTYDP- 
HbIe SJICEMEHTbI BTODPO- 

ro nopsgKka 


I. Tlamup, Bary-s13- 
ryemMcKaa | nofsona 
(aHTHKAIMHOpHi) uw Bap- 
Tanr- Tabkbimacckas nop- 
30Ha (CHHKJIHHOpH) 


U, uw 10.-3. Mamup; 
MpeHMYUlecTBeHHO 
MexKOpMalHOHHbIe 
yuacTkH (o6pamMseHHe 
Henpeccun Tlamupa, 
cTHIK 30H LI, w IO, Tla- 
MHpa, - HMeloulHe = xa- 
paktep  ~KpynHeliwux 
PaSPpbIBHbIX  Hapywie- 
Hui); Mepudepuyeckue 
SOHbI CpequHHOrO Mac- 
cuBa 10.-3. — Tlamupa 


C. Mamup; Kawaii- 
xymO-KapakyJbcKaa 
nog30Hna HW ocobeHHO 
BXOAAULHH B ee COCTAB 
KapakyuibcK ali CHHKJIM- 
Hau; /lappa3-CapbiKOVIb- 
cKaaA MOf30Ha H OCcO- 
6eHHO BXOZAUIHU B ee 
coctaB CapbikoJIbcKHit 
aHTHKJIMHad 


G. Tamup; Kanat- 
xym6 - KapakysbceKan 
moysoHa wu ocoOeHHO 
BXOAAULHH Bee COCTaB 
Cayxkcalickult aHTH- 
KJIHHad 


C. Tiamup; Kypro- 


BaTCKHi 


1O.-3. Tlamup (nosce- 
npemenax 
BC€X CBHT MeTaMopdu- 


ME€CTHO B 


yecKoH cepHu) 


aHTHKJIHHaJ | 3apPCKOTO 


MaccueBpt 


Kymaugapunckuit, 
Banucko - Tymaccknit, 
Jokamakckult Kyya- 
PHHCKHH, Bepxueasry- 
JIEMCKHA, MaCCHBbI S13- 
ryJIeMcKOoro KOMMvIeKca 


* 


Tlamupo - IUlyruauc- 
Kuh, AwutbKyspernnii, 
XupKucckuh, Waray 
cKHH 


@opMa u pa3mepbr 
MaCCHBOB H HX Mo0- 
2*%KeHHe B CTPyKTypax 

BbICOKUX MOpAAKoOB 


Ilmacroppre Tea, 
TPeCWIMHHbIe TIYTOHDI, 
aCHMMeTPHUHbIe UITO- 


KH mmoulagbio oT 15 70 
200 km? B aqpax u 
KPBIVIbAX CHHKJIMHAaJb- 
HBIX H @aHTHKJIMHaJIb- 
HbIX CKJIafoK, s3a4ac- 
TYIO C %KeCCTKHM KOHT- 
posiem pa3pbIBHLIMH 
HapyWeHuaAMu 


IlmacTopbe Tena, me- 
PUK AJI-NTYTOHbI 
OaTomuyeckHe  Maccbl 
HeompexeseHHOH dop- 
MbI nviouanbio oT 120 
mo 2040 KM’ B Apax u 
KPblJIbAX AHTHKJIMHAIb- 
HbIX "CkJlaqOK C KOH- 
TPOJEM Ppa3PbIBHbIMH 
HapyWleHHAMH. — 


OrHoweHHe kK TeK- 
TOHHYeECKHM JIBH- 
2K CEHHAM 


TIlpeumvuyectBen- 

HO mocjeckmaqua- 
TbIe, OWNOBDeMeH- 
Hble C PvIbIGOBbIMH 
NOABHKKAMH 


OnHOBpeMmeHHLIe 


WH] cO CKJaq4¥aTocThw 


H PIbIOOBbIMH Nepe= 
MeLeCHHAMH 


Netporpaduyeckntt 
cocTaB 


Tl panutougpl MATH 
cba3; ra66po, AuopuThl, 
KBapileBhie AHOPHTHI, 
MOHUONHTOAHOPUTHI, 
pasHoo6pasHble rpaHu- 
Tbhl, B TOM UHMcue pana- 
KHBH, IpaHOCHeHHTHI. 


Kucypie rpaduTougpl, 
TMpeuMyLecTBeHHO On- 
OTHTOBbIe H ABYCMOLH- 
CTbI€ TpaHUTbl 


KoHTaKTOBbIe MO- 
poypl 


Porosuku, OKBap- 
ILOBAHHbIe, XJIOPH- 
THSHPOBAaHHble, aIb- 
6UTHSHUPOBAaHHble, 
MHKPOKJIMHUSHPO- 
BaHHble, CKapHHpo- 
BaHHbIe NMOpogpl 

— 


MA beKLHOHHO- 
MeTacOMaTHYeCKHe 
MMIPMATUTHI H '€Kap- 
HbI 


Ta6uunua I 


MK ububle Mpoussoy- 
HbIe 


I p2Hurst, merMaTHTBI, 


alliutbl, KBapweBbie 
KUJIbI,dIbBOHTHTHI, NOp- 
@upH, Dopdupurpr, 
MHKpora06po, Jamnpo- 
(pupbl 


ANJUTBI 
THI 


H MerMaTH- 


SHTO- 
reHHas 
MeT aJI- 


JIOTCHUS 
DT. . ..  ——  TOP CHU 


I 


Be,B, 
Li,TR, 
U,Th 


a1 


bra 4 


‘ 
Xydexuh, Ypra6ys- 
cKHH, Bampoxytapun- 


ckui, BamirymOescKkui, 
Paymugckuit, Basap- 
RapuucKo- QuucyiickHh 


AcuMmmMetpuuHple 
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auOosiee HEOAHOPOHA, BKJIOUAeT OTJIOXKCHHA OT OPMOBHKa JO TPeTHUHBIX H 
JOTBETCTByeT 30He, KapakopyMa. 4-A 30Ha MpefcTaBsxeT cOOoh cpeqHHHbIK 
aCCHB, CJIOMKeHHbIN MeTAMOPpPHYeCKHMH NOpomaMu, OOJIbuIad YaCTb KOTOPbIX 
THOCHTCA K JIOKeMOpHtO. 

Hamu B Mpegenax Ilamupa BplgeneHbl caeqyroulHe rpynibl rpaHHTOHOB: 
) HOKeMOpHiicKuve ysIbTpaMeTareHuHble, 6) HHMKHETaeO3OlHCKHe, B) CpeqHeKap- 
OHOBLIe, Fr) BepXHellepMCKHe — TpuacoBble, T) BepXHelOpCKHe — HW2KHEMeVIO- 
ple, €) BEPXHEMeJIOBbIe — MaseoreHoOBble (cM. TaG6ul. 1). 

[pymna rpaHuTouyos a) TecHO cBxA3aHa C MeTamMopduyeckol cepHeli IOro- 
anagHoro Ilamupa, npeycTaBasia coOoM pA MpOyKTOB yJIbTpametamop@u3sma 
T HOPM@JIbHbIX THEHCOB Yepe3 MarHOMHrMaTHTbI H COOCTBeEHHO MHIMAaTHTbI 
MHKPOKJIHHOM JO KBaplOJIHTOB. OTOT pA COOTBETCTBYeT NIPOABJIGHHIO HaTpO- 
oro, a 3aT€M KaJIMeBOrO HM KBapleBoro MeTacomatoasa. J] HTebHaA MOeMuKa 
O BOMpocy 0 BO3pacTe MeTamopduyeckon cepun (B. A. Huxouaes, JI. B. Ha- 
uBKHH, H. A. Xopes, B. A. Macaenuxos, B. II. Byun) ete ne 3aKoHuHsace. 

Jia OfHOTO M3 MpemcTaButTesieH YTpynnbr 6) KyprospatcKkoro MaccHBa 
. H. Bomkospm (°) ycTaHoBsieHO MeTacoMaTHYeCcKOe Hpoucxoxyenue. B or- 
OKeHHAX HWKHerO KapOona IO. A. CopokuHHbIM HaliqeHa rasbKa rpaHHUTOH- 
OB, HamomMuHalomux KypropatcKne. OqHakO No3sKe NPH3HAaKH rpaHHTusalluun 
OHapy2KeHbI HB OTJIOMKeHHAX KapOoOHa, YTO YKa3bIBaeT HA BO3MOKHOCTH Ooviee 
omoforo, CKOpee BCero BepXHelaeo30HcKOro BO3pacTa MAacCHBa. 

[pynma 8B) BbizeseHa Ha OCHOBAHHH IIpOpbiBaHHA rp aHHTOH amu OOuxymOoy- 
KOrO MaCCHBa OTJIOXKeHHH HWKHETO KapOOHa BKJIIOUHTeEbHO M0 HaMIOPCKH 
pyc HM MpvHypouenHocTH K NepepbiBy B OCALKOHAKOMNVJICHHH, HMeIOWIeMy Xapak- 
ep dbasbl CkJiIanuatocTH. B mocequee Bpema H. I. Baacos u IO. A. Copoxun, 
GUTaA paspes OT KapOOHa JO BepXHeli PMH HEMpePpbIBHbIM, CKJIOHAIOTCA K BBI- 
Oly O BepXHelaeO30HCKOM BO3pacTe 3THX TpaHHTOHJOB. 

Ipynna r) BbijeseHa Ha OCHOBAHHH NpOPpbIB4HHA OTIOXKeHHH NepMH, IpHypo- 
e€HHOCTH K BepXHelasleO3OHCKOH — HH2KHEMe3030HCKOH (hase CKaquaTOCTH HM NO 
aXOJ[Ke PpaHHTOB B KOHTJIOMepaTax HepacuieHeHHOrO Me3030s (Kapa-JKuura) 
- HWKHero Mevia (Kour3pii-J2KuuK). 

J{pepHeliiuue B rpytne J) yMepeHHO-KHCJIbIe TpaHHTOMbI MpOpbLiBaioT B Oac- 
eliHe p. beuk OTO%KeHHA BepXHel 1opbl. BepXHAA BOSpacTHaA rpaHnulia onpe- 
ejleHa Ha OCHOBaHHH HaxojoK B. HM. J[ponopbim MHKpOKJIHHOBbIX rpaHHTOB 
| KOHTIOMepaTaX MeJIOBOrO MasieoreHoBoro BOspacTta. Pa3BuTHe 9TOH FpyIlibi 
PaHHTOHOB COBMAaaeT C HHIKHEMEJIOBON (Kap aKOPYMCKON) (Pa3s0H CKaLyaTOCTH. 

ToubKO OHH U3 MACCHBOB rpyHIIbl €) HEMOCpeCTBeEHHO IIpOpbiBaeT OTIO*Ke- 
MA Mesa (KyMaujapHucKuh). OcTaibHble KOPpeJHpyloTcA C HUM MO NeTporpa- 
JHYCCKHM, TeOJIOTHYECKHM, CTPYKTYPHBIM, MeTaJIJIOreHHYeCKHM HW HEKOTOPbIM 
PYTHM MIpH3HakaM, B YaACTHOCTH NO WHdpam a6comoTHOorO BOspacTa. YuTeHbI 
aK%Ke MOJOKCHHA MACCHBOB B 2%KeCTKHX Tvibl6ax TOMHATHHU, OOpaMJIAIOWLUX 
fe30-KaHHosolcky!o Baptaur-TanbimaccKyl0 TeOCHHKJIMHaJIbHYy!IO TOJ30HY, HK 
ITOKOOOpasHaA WJIM TpellHHHaA (bopMa nuyTOHOB (JKamMakcKkui H BanycKo- 
“yMaCCKHH MacCCHBBI). 

CucteMaTH3alia HOBOrO (baKTHYeCKOrO MaTepHala H JIMTepaTyPHbIX JaH- 
DIX MOSBOJIHJIA CieaTb CJIeqyIOUlHe BbIBOJIBI. 

1. Yastpametamopdu3m ua lOro-3anagzHom Ilamupe npoxogua 6e3 o6pas3o- 
AHHA KPYIHBIX WyTOHOB. JloKaH30BaHHbIK BMpememax CpeHHHOrO MaCCHBa 
Tamupo-Iyruanckui ma1yTOH uMeeT Me3030lCKHH BospacT (”). 

2. YcNOBHOCTh BbIJeeHHA HW KHeMaeO3OHCKUX TpaHHTOHOB BHHa TakxwKe 
i3 TOrO, 4TO OHH MpefcTaBsAloT cO6OH M30HpOBaHHble .oOpa3s0BaHuA, Oe3 
IPCMIMECTBYIOMIHX OCHOBHBIX H CpeJHHX MOPOA, YTO BeECbMa HeXapaKTepHO JIA 
AAPMATHYECKHX WHKWOB mOOoro BO3spacta Ha Ilamupe. 
| 3. Buegpenne cpequekapOonopbix rpaHHTOHAOB Ha CepepHom Ilamupe, Bu- 
\HMO, He IIpHOCTaHOBHJIO reOCHHKJIHHAJIbHOFO pa3BHTHA, TaK KaK OONAaCTb Oblia 
-HOBa BOBJIeYeHa B NOrpyKeHHe C HAKONJICHHeEM KapOOHATHBIX H BYyJIKAHOreHHO- 
CaOUHBIX MOpoy. OrtTcioxa BbiTeKaeT Tak%Ke H HeOMpefeJIeHHOCTb BOSpacTa 
‘PAHHTOHOB, KOTOPble MOryT OKa3aTbCA MPHHaVieKauLMMH K BepXHelaseo30K- 
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CKOMY — HWKHeMe30301iCKOMy UMKsJy, C KOTOPbIM CBA3aHa HMHBepCHaA B 
30HE. | 

4. Bme3o030e B Llentpabuom Ilamupe npoucxogHio HelpepbIBHOe OCay,KOHaKO- 
JIeHHe, CMCHMBIIeeCA B HH2KHEMeJIOBOe BPeMAl HHBePCHeH MW BHEPeHHeM OrpOMHbIX 
Macc rpaHuTouzoB. B ABYxKeHHA Obl BOBMeCYeH H CpeQMHHbIH MaccuB TOro-3a- 
nagHoro Ilamupa, oco6eHHo mepudepuyeckad ero 4aCTb, NoyBeprinasca Wpoo- 
JIGHHIO, KOTOPOe COMpOBO*KWaOCb MHTCHCHBHOM rpaHHTH3allHeH HM BHepeHHeM 
HHTpy3Hit. 

5. JJna Baptaur-Tanpmmacckow MOA30HbI XapakTepHO NpoyouKeHHe Teo- 
CHHKJIMHAIbHOrO Ppa3BHTHA H B BepXHeM MeJly — IlayleoreHe, CMeHHBIWerocA 
MHBepcHeH HM BHepeHveM rpaHHTonAoB. MutTpy3uu ObliMd B OCHOBHOM T10CJIe-. 
CKJlaquaTble HW MOSTOMY BHEPAMHCb H3OupPaTeIbHO, B Mpesewax KecTKHX sb16, 
CONPOBOKLaACb MHTCHCHBHBIMH ABJICHHAMH aCCHMHJIAWMH WM rHOpHyusMa. na 
HHX YCTAHOBJIeH %KeCTKHH KOHTPOJIb Pa3PbIBHbIMM HapylIeHHAMH. 

6. CpaBHHBad OObeM PpaHHTOHAHOrO MaTepHaa, BHEAPHBUerOcA B pa3Hble 
3I10XH, HAXOJMM, YTO OCHOBHAaA Macca rpaHHTOHJOB BHEJPHJIaCb B HHU2KHEM Meu, 
conpopomjaa 3ambikanve TlamupcKoH uactu TetTuca. Buegpenue BepxHema- 
JI@O3OHCKUX — HW2KHEMe3030HCKHX TpaHHTOHOB CONpPOBOKAaIO 3aMbIKaHHe 
MayleO30HCKOH reocHHK.HHaIH CepepHoro Ilamupa u HOCHIO MeHee MOLLHbIN Xa- 
paktep. Hakouell, MeJIOBble — NaJIeOreHOBbIe FPAaHHTOHbI BHELPAJIMCh B CBA3H 
¢€ 3aMbIKaHHeM OCTATOUHOH YTeOCHHKJIMHaIM B 30He LlentpanbuHoro Ilamupa u 
OSTOMY OOBEM HX ABJIACTCA CPaBHHTeJIbHO HeOOJIbUIMM. 


YupaBaenve reonoruu HM OXpaHbl HeAp Moecrynua0 
np Copete Munuctpos TamxKCCP 22 VI 1960 
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1961. Tom 136, N 3 


[EOJOLH 71. 


HM. Jj. POPMITENH 


KAPTA HEOTEKTOHHKUW BEPXHErO MPUAHECTPOBbS 
(II pedcmaeaeno axademukom H. II. Fepacumoseim 22 VIII 1960) 


Kak W3BecTHO, UpeBpauenve KapmatcKoH reOCHHKJIMHaIM B CKJauaTy!0 
)HYIO CTpaHy HayasIocb Ha pyOexe NaweoreHa HU HeoreHa. Ha KapTe HeoTeK- 
{MK (puc. 1) B Buge ona (TOMbKO WITPHXaMH) NOKasaHbI OGacTH MposBe- 
A JIBUXKEHHM 3EMHOH KOPbI B MHOWeHe HW CO3qaHHaA MMU CTpyKTypa ('). Sto 
IaHO JIA TOTO, YTOOb! NOPYePpKHYTb YHaCJIeOBAHHOCTb HEOTEKTOHUKH OT 
fee PAHHHX TeEKTOHHYeECKUX JBHKeHHH. CoOcTBeHHO HEOTeKTOHHKY (CIVJIOLLI- 
€ JIMHHMH Ha KapTe) MbI HAUMHaeM C NoCvesHeH (pasbl KaPMaTCKON CKIayaTocrH. 
eJleJIbI BOSMOXHOLO €e MPOABJIEHHA — CpeJHHM CapMaT — BepXHHi IVIHOLEH. 
‘A 3aBepllaloljeH (basbl OCOOeHHO XapaKTepHO pPa3sBHTHe HayBUuroB GOVbIOK 
MAMTY Ab. JiMub Nocwe STOTO BOMHAA CeTb NpHOOpea CBOM HbIHELIHU OOK. 
yyHeHinMe TeKTOHMYeCKHe HapylweHHA — HayBur KapnaT na mperopbe u 
MeHee MOULHbIM HaqBur BHYTpeHHeH 30HbI [IpeyKkapmatcKoro KpaeBoro Mmpo- 
Ja Ha eFO BHELIHIOIO 30HY He Hap ylilaloT A peBHeH MOBepXHOCTH BbIpaBHHBaHHA, 
9a30BaHHOH IIpazHecTpom uM ero KapMaTCKMMH MIpHTOKaMu. TekTOHHuecKHe 
DKEHHA MOCesHero NepHvoya ycTynaioT No MacwiTaby TBYXKeHHAM, IIpOHCxo- 
31MM JO 3apOxKeHHA COBPeEMeHHOH BOAHOK CeTH, WH IPOABHJIHCb viaBHbIM O6- 
30M B BePTHKAJIbHbIX KOJIeOaHHAX. 
B Kapmatax Becxugzp u Topraubr paccMaTpuBaloTcA HaMM Kak JIBa CaMO- 
ATCJIbHBIX HCOTEKTOHHYeCKUX pakoua. [pannel Mexky HAMH IIpHHATAa peKa 
pH. B Beckuyax MbI pa3inuaeM [Be JpeBHHe MOBepXHOCTH BbIPaBHHBa- 
| — BEPXHETOPTOHCKYIO H HMKHEIVIMOWeHOBYIO, HeIOCpeJICTBeHHO CBA3aH- 
e c Becxunckum u I[log6eckunckum (Cy66ecKugcKuM) eHyal\HOHHBIMH 
oBHAMM =IJompckux Kapnar (?, 3). B  YoprauHax, mo  nHallemy 
eHHIO, JIeHyauuA elle He OCTHTrIa KpaHHHX Mpefesos, Kora Mpo- 
IIa ~MIMOWeHOBad cKsJaquaTocTb. IlocieqHAA He MposBuacb B Iloub- 
ix KapnaTax; 3THM, M10-BUJ,MMOMy, CyleqyeT OOBACHUTb TO, uTO BecKuycKkas 
1yJlauMOHHaA MOBepXHOCTb XOpoOWIO coxpaHHacb B IlompckHx Kapmarax 
ITO KpylHble yeutyH CKuOoponw 30HbI Kapnat, oOpasoBaHHble mocyienHel (ba- 
{ CKlaquaTOcTH, B HallpaBJIeHHH Ha CeBepO-3allaq MOCTeMeHHO TepeXxXOAT 
Ilontckux Kapnatax) B HOpMaJIbHbIe AHTHKJIMHaJbHbIe CKaNKH (*). 
Ha xapte B IIpeqkapmaTbe NoKka3aHbl PeJIMKTbI J[PCBHHX NOBepXHOCTeM BbI- 
BHUBaHHA, PacrOJIO*KeHHble Ha JBYX YpOBHAX. YpoBenb KpacHoi OTHOCHTCH 
-AMOMY KOHILY MuHoWeHa (comocTaBaaeTcA Hamu Cc 7-H Teppacoh J[HecTpa), 
oBpeHb Jloepo (*) — 290MmelcTOWeHOBLIN. OonsmelHCTOWeHOBaA TOBepXHOCTb 
PaBHMBaHHA 3aHMMaeT MexKypeyubaA mpuToKoB J[Hectpa. K ceBepo-3anayy 
p. Crppii ona noyHata 0 70 M OTHOCHTeJIBHOM BbICOTHI, K IOrO-BOCTOKY — JO 
) m. Takum o6pa30M, TeKTOHH¥eCKad JIMHMA, HaMeTHBUIacaA B Kapmatax 
Db Crppia, mpogzomKaetca B IIpenkapmaree, rye paspbiBHble HapylleHHA Ha 
i MHHM JOKasaHbI reodu3sMuecKuMU UCcCMemOBanHAMH u OypeHHem (°). 
DbIMCKaA TEKTOHMYCCKaA JIMHUA, MO-BHAMMOMY, Pa3srpaHHUHBaer Ba OsOKAa 
MHOW KOPbI; 1OTO-BOCTOUHbIN GOK OTNHUAeTCH OOJIBINHM Pa3MaXOM BOCXOJA- 
X JIBHXKeHHH. 
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Puc. 1. Kapta neorextonuku Bepxuero I]puguectponpa. JipuxKenuA 3eMHO! KOpbl HAYHHaAA C HeoreHa 
I Kone6aTenbube ABHReHHA. (I] —cymMMapHad amMuamuTyfqa NMoAHATHA; O — cy™ 
MapHas aMNJHTyZa onycKaHHusa) H 
Kapnatn—o6naacTH HpepHBUCTHX BOCXORAMUX ABUKeHHH. HE 
oTeKTOHHYecKHe palionb!: J — BecKkuynl, II 6onee 1000 m, 2 — Topranu, I] 6omee 1500 mM. J pespuue Aeny, 
RaWuOuHbe nopepXuocTuH: 8 — BeckugcKan u 4 — Tlog6eckugckan, II (mocme o6pas0BaHHA) COOTBET 
cTBeHHO 250—400 m u 170—220 Mm. 6 — nokanbuble NOAHATHA B aHTpONorene (Ocb HU BbICWIAaA TOUKA). 
TpegkapnatckxunhH kKpaepolk nporu6 go sepxHero MuoleHa —OOnNacTbupe 
PHBUCTHX HHCXORAMHX ARBUREHH HK, mocme —O6macTb NpepbiBAUcTH 
BOCXOAAMUX ABUKeEHHH. 6 — BHYTPeHHAA 80Ha Mporu6a: O B HHRKHEM MHOWeHE J 
4600 M, B TOproHe — HH*XHEM cCcapMaTe — qo 2000 m (3amaqHee Cyfoso-BuuiHeuckoro cOpoc 
(**) mo 4500 m); TI] nauunasa co cpegzuero capMmata Gosee 400 M. 7 — BHeLIHAS 30Ha Nporn6a: O B TOpTC 
He — HH2KHEM CapMate fo 2000 m (3anagHee Cygono-Buuinenckoro c6poca fo 4500 mM), HaYHHAH CO Cpez 
Hero capMata Goviee 400 m. ZpesHue FeHyRaluonHbie NoBepXHOCTH: 8 — ypoBeHb Kpacuolt, Il zo 80 
(3amafqnee Crppifickoro cOpoca) u Zo 160 mM (BocrouHee), 9 — yposeHb JloeBoli, I] go 70 m (3amaquee Crphik 
cKoro cOpoca) H Zo 130 m (BocTouHee). ca 
PyccKaa naatThbopMa—oOmNacTb npeoONanhaHHA BOCXOZAMUX ABH 
meuH . 10 — Il c neorena 50—200 m, // — Il c necrena 300—500 m, 1/2 — IJ B antponorexe 100- 
240 mM, /3 — auHuM paBHOl CKOpocTH COBPeMeHHOTO NOAHATHA (MM/ron), 14 — pation, OxBayeHHbIH 3eN 
seTpaceHuem 1903 r. 
Il.Cknmaquatpe uw paspHBHBe ABHRKCHHA 
15—o6nacTb NposBnenua cas CKsaquaToOcTH B HH2KHEM MHOlleHe, BepXHEM TOpTOHe Hu MsMoMeHe. 16 
HawBHr BHYyTpeHHeH 30HbI IIpeaKapmatTcKoro mporn6a Ha BHEeIIHIOI B WWHOWeHe, amMunutTyga fo 15 KM 
CrpyktTypunpe hbopmp. Jpesnee nauouena; 17 — daexcyppyl, 18 — paspbipubie HapylleHs 
lo reo@usutecKuM JaHHbIM, 19 — To we c reosorHecK uM nofTBepx7eHHuemM, 20 — MvIHOMeHOBbIe PAa3pbIiE 
HBI€e HapylWeHHa. 
Ipounve o6083HauNeHUS. 21 — oporpaduyeckuHi Kpali Kapnat, 22 — cepepHaa rpanuna pac 
HpocTpaHeHHA KapnatcKoli rabku, 28 — MPOHTAVIbHbIe JIMHHH HAaXBHIOB; paspblBHble HapyWeHHA: A - 
a — Cyfoso-BumuexncKoe, 6 — 6 — Crppilickoe, @ — ¢@ — Kamysa-Uepnenutkoe, 2-e — Topoyer 
KOBCKOe, 0 — 0 — YcTeuKHHCKoe, e — e — Bepgo-LlewuucKkce 


| 
| 


: 
Oco6enHoctbio OKpaHHbI PyccKoli maTbopmpl (a Takxke BHeIIHeli 30HbI Kpae 


Boro MporHOa) ABAAeTCA rycTash CeTb rviyOOKHX pa3JIOMOB B KPHCTAaNMYeCKO! 
yHAaMenTe, OTPaxKeHHeM KOTOPbIX ABIAIOTCA (bIeKCYPbI B MeCJOBLIX H HeOre 
HOBBIX OTJIOMKeHHAX (“). PasOMbI NPOXOAAT B AByX HanpaBmenuax — napa 
A@JIbHOM H NepleHIMKYJAPHOM MpocTHpaHuHio KapmaTcKOH TreocHHKJMHal 
(°,°). B HekoTophrx cyyaaix ycTaHOBJeHa TeKTOHMYeCKad aKTHBHOCTL 93THI 
pa3JIOMOB B aHTponorene (UepHesmHuKOe MOo_HATHe, Mo_HATHe Bepzo-Llenuni 
(°)). B paiione YereuxuncKoro rpa6ena Hua J[HecTpe pacnomoxKeH 2IHIUeHT] 
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MJIETPACEHHA (10 66amn0B), KOTOPbIH reHeTHYeCKH CBA3aH C 30HOH pa3pbIBHbIX 
AP YIMeHHU, yCTaHOBJIeHHOM reousuKamnu ('-1%). O6paulaeT TakxKe Ha CeOA BHH- 
aHMe COBMaleHHe palioHa MaKCHMAaJIbHOrO NOAHATHA NmaTPopMbl HayHHAaA 
HeoreHa (14) c UepHemHuKHM NOXHATHeEM HM C paHOHOM OOVJIbLIMX CKOpocTeli 
JBPEMEHHBIX MOJIOXKUTEIbHbIX JBWKeHHH (1°). 


VMACTHTyT reoJIOrHH MoOe3HbIX HCKOMaeMbIxX Tloctynusio 
Akajlemuv Hayk YCCP 22 VIII 1960 


WMTHPOBAHHAA JIMTEPATYPA 
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Jloxxann Akankemun nayk CCCP 
1961. Tom 136, Ne 3 


H. Il. KOBAJIEBA 


HOBbIE JAHHbIE O BHAOBOM COCTABE BPAXHONO] 
HW)KHEMAJIEOPEHOBbIX OTJIOKKEHHA KPbIMA 
(BAXYMCAPAKCKHM PAWOH) WH 3AKABKA3ba 
(CYXYMCKHA PAHO) 


(ITpedcmaeaexo axademuxom A. JI. Axwuroim 27 VI 1960) 


B HactTosileH craTbe My6MKYIOTCA MepBbie JaHHble O OpaxHonoyax nase: 
reHa Kppima uw CyxymcKoro palona SakaBka3ba. 

B Baxuncapaickom paloHe H3BeCTHAKH, OObI4HO OTHOCHMbIe K MOHTCKOM 
apycy, He cofep2xaT Opaxuonog. Ilepppie HaxoqKH UX IpHypoueHb! 3fecb K To! 
Jy60BaTO-cepbIM MepreJiaM TaHeTcKoro spyca. Bpaxmonogn sBcTpeyaroTc 
B JBYX POPpH30HTAX: B HHKHEH YaCTH Apyca, MOUTH B OCHOBAHHH efo, H B BepX 
He ero 4¥aCTH, MOUTH Ha TpaHulle Cc HNpcKOH rauHoH. Bpaxnonogp HuxKHerC 
TOPH3OHTa MepenOJIHAIOT NOposy. STO KpyNHbIe TepeOpaTyHAbI TpexX pooB 
Terebratulina caputserpentis (L.) var. tauremarginata Sacco (*), Gryphus 


vitreus (Gmel.) ssp. Se Kovaleva (in litt.), Terebratula mangischla- 
kica Kovaleva (in litt.). B BepxHem ropuH30HTe O6HapyxenHa Terebratulin 
woodi Nyst. 


8 | 
Buy HWKHErO YTOPH3OHTa BITepBble OblIH HaljJeHbl B OTJIOMCHHAX TaHeT- 


ckoro sapyca Ha Manrpiumake Bmecte c Terebratula bisinuata Lam., B mecKax 
TaK Ha3bIBaeMOH CyJJIyKamuHCKOH cBuTEI. Terebratulina woodi Nyst. xapaxte- 
pH3yeT TaHeTckHu apyc Benprun (°). 

Kppimckve 9k3emnuasappt Gryphus vitreus (Gmel.) ssp. sullucapensis Ko- 
valeva (in litt.). u Terebratula mangischlakica Kovaleva (in litt.) mo cpas- 
H€HHIO C M@HYbIIIJaKCKHMH, OO1aalOT MeHbIIMM (bOpaMeHOM, 4TO ABJIAeTCA. 
Ml0-BHJHMOMY, pe3yJIbTaTOM SKOOrHYeCKOH H3MeCHUHBOCTH. 

SoueHoBLle OTMORKeHHA KpbiMa 3ayeraioT Ha Pa3MbITOH MOBePXHOCTH Ta 
HeETCKHX HU Oosee WpeBHUX MOpoL. 

Mnpcekui spyc BbIpaxkeH IlaCTHUHbIMH CH3bIMH H 3eJICEHOBaTO-CepbIMH TJIi- 
HaMH, a B BepXHeH “aCTH TepecwaHBaHHeM 9THX TIHH C NWOTHBIMA HYMMYJIH 
TOBbIMH H3BeCTHAKAMH pKaBO-%KeTorO wBeta. Bpaxuonogbr oOnHapyxKeHb 
B CpelHeH YaCTH MWaCTHUHBIX TMH WH B H3BECTHAKAX. 

Bpaxuonoybl B ruiMHaX MeJIKHe, C TOHKOH JIOMKOM’ pakOBHHOH MH JOBOJIbHC 
INMPOKHM (popaMeHOM. OTH OcCObeHHOCTH HapyKHOTO CTPOeHHA OTParkal0o’ 
MajlOOarolnpHATHbIe WIA OpaxMonoxq ycIOBHA %%KH3HH Ha TJIMHHCTON 
rpyHTe. 

Syecb Halizenbt Terebratulina striatula Dav. u Gryphus cf. bajanianus (Dav.) 
XapakTepHble JIA HwKHerO 90leHa Manrpiimaka u Utanuu (*). Terebratuline 
striatula Dav. apiaeTCa THIM4YHBIM BUOM uNpcKuX riuH Aurauu. B ormoxe 
HHAX MHOTO BO3pacTa 9TH BUAbI JO CHX NOP He BCTPeyasIHCb; MO-BHAHMOMY, H? 
MOXKHO IIPHHATb B Kay¥eCTBE PYKOBOJAMMX IIA WNpcKorO sapyca. 

VispecTHakH BepXHeH uacTH MuMpcKoro spyca Baxuvcapaa cogepxaT JO 
BOJIbHO KpyNHble HW TOJICTOCTeHHbIC pakoBuHb! Gryphus kicksii (Gal.),— Buga 
IIHMpOKO pacnpocTpaHeHHoro B 90IleHe [py3uu u benprun. 
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JItoTeTCKHH pyc mpegzcrapen B Baxuncapafickom paiione sub HMxKHer 
Ne UACTHIO, TAK Ha3bIBaeMOH «OeOH CBUTOM». DTO OYeEHb MJIOTHbIeE MACCHBHbIe 
BeCTHAKM C KPyINHbIMH HYMMYywHTamMyH u Gryphaea rarilamella. bpaxuonogp 
rpedaioTcaA BO BCeX MOpOaX CBUTHI OT ee MOOLMIBbI JO KPOBJIH HW MpesCTaB eH! 
€HMYIeCTBeHHO OJHHM BuyOM — Hemithyris chethensis (Popch.). Hai- 
HbI €MHMYHbIe SK3eMIIApbI Terebratula sp. Hemithyris chethensis Bp Tpy- 
HM XapakTepH3yeT H3BeCTHAKH cpemHero 93011eHa (*). 

B CyxyMckom palione, kak H B Kppimy, OpaxHonogbl Onlin OOHapyxeHbI 
MasieoweHe HM 30IeHe, NO JOTeTCKOrO Apyca BKJIIOUHMTEJIbHO. 

Y ppixoga p. Tymuctbl Ha paBHHHy B rouyOoBaTO-cepbIX H3BeCTHAKAaX Opek- 
€BUAHOTO COKeHUA, CORepxKalyHx exe (Schizaster), OOHapyKeHbI: B HHXK- 
HM 4aCTH CBHTbI — MaJIOUMCJIeCHHbIe paKOBHHbI Gryphus vitreus (Gmel.) ssp. 
llucapensis Kovaleva (in litt)., a BBepxy MHorouHcaeHHBIe Gryphus fuma- 
nsis (Menegh.), Gr. cebeldinsis Kovaleva (in litt.) u Terebratulina caput- 
rpentis (L.) var. emarginata Risso. 

PaccMaTpHBaeMble NOpOfbI OTHOCATCA MpeMNOOKUTeEIbHO K Mavieoleny. 
AUJICHHBIM KOMIIVIeKC OpaxHonoy NOATBepxAaeT STOT BOBpPacrT. 

B BocTouHow uacTH paliona, Ha p. Bocrognok Tymucte, B cen. Muxanos- 
om (6. Ilpampi) u B patione cen. Le6embab1 — OnbruucKoro, caMble HHKHHe 
OH TaleoreHa MpeACTaBJIeHb! CBeETJIO-CepbIMH H PO30BaTbIMH W3BeCTHAKAaMH 
THIHYHO TAHETCKHM KOMIWJIE€KCOM Meslelunoy u 6e3 Opaxuvonog. Sato B nocTe- 
HHO CMeHAIOWLHX HX BBepX NO pa3spesy NHPHTH3MPOBaHHbIX PayKOHHTOBbIX 
BeECTHAKAX KOMKOBATOFO CJIOKEHHA, OTHOCALIMXCA K HHWYKHEMY HM CpeqHeMy 
WeHy, OOHApyKeHbI: BHH3Y, B COAX c examu (Micraster) — Gryphus cf. 
jjanianus Dav., BBepXy B MeC¥aHHKOBbIX CJIOAX, MepecMaMBarOWUX U3BeCT- 
[KH C OCTATKaMH KpaOoB u3 posa Ranina,— Gryphus sp. n. 

B ppililelexalluxX JOCTOBepHO BepXHeSOLEHOBLIX NOpOfax, MpelCTaBJIeHHbIxX 
JI@HOBATO-OeJIBIMH JIMCTOBATBIMH (CPOpaMHHH@epOBbIMH MepreJAMH, HalijeHbi 
aKOBHHEI Terebratula sp. 

Kak BHHO H3 M3JIOKeHHOTO, B NaJieOreHOBbIX OTMORKeHHAX Baxuncapait- 
Oro paHOHa yCTaHaBJIHBAIOTCA BIOIHe OMpeeJIeHHble KOMIIeKCLI OpaxHonoy 
If KA@KOTO Apyca. 

Hat mepsble JaHHble O CyXYMCKUX OpaxHONOfax OYeHb HeMOJIHbI HW He TO- 
OIAIOT MOKA JeMaTb BLIBOJbI OTHOCHTEJIbHO HX POJIM pH CTpaTHpNKalHH Ma- 
OreHOBbIX OTJIOMKeHHH STOTO paliona. 

Ji14 Toro uTOObI WaTb HeKOTOPOe OOuee MpesCcTaBMeHHe O pOmH Opaxuonoy 
cTpaTurpaduu MaeoreHa 10%KHbIX palionop CCCP, HeoOxozumo mponsBecTu 
ABHEHHe C MasleOreHOBbIMH OpaxHonofzamu Manrpiliaka; mocieqHHe TakKe 
IepBbIe H3yUaJIHCb ABTOPOM. 

Crpaturpaduyecku aHamH3 u3yyeHHEIX Opaxnonon Kppima, SakaBka3bs 
Maurbiiiiaka MO3BOUIAeT CledaTb Cylelyloulve 3aKJIIOUeHHA: 

1. Kak B TaHeTCKoe, TaK H B HMpcKoe BpeMA Kppim, KasKxa3 u Manrpiliuiak 
APAKTEPH3YIOTCA, B CYIULHOCTH, OOUIHM KOMIIJICKCOM IJIeYeHOrHX, 3a HCKIIOUe- 
iM HeKOTOPbIX MpescTaBuTeseH, MHrpHpoBaBuinx ciloqa u3 Aurno-Benpruli- 
coro OacceliHa; Takoe uCKoveHHe MpencTaBssawT: Terebratula bisinuata 
am. B MaseomueHe Maurpitiaka, Terebratulina woodi Nyst. B naneoumene 
ppimma u Gryphus kicksii (Gal.) B somene Kppima. 

2. KaxKfbiii 13 H3yIeHHbIX BHJOB TIpHypouveH B JaHHbIX palionax K onpeje- 
sHHOMY CTpaTHrpaduyecKOMy yPpOBHIO. 

3. Crpaturpacduyeckoe 3HaueHHe HEKOTOPbIX BHJOB MO%KHO CUHTATb yCTaHO- 
1eHHbIM. Terebratula bisinuata Lam. u Terebratulina woodi Nyst. aparotcs 
VKOBOLAMUMH JIA TaHeTcKoro spyca, Gryphus bajanianus (Dav.) u Tere- 
atulina striatula Dav. xapaxTepHbl ua umpcKoro spyca, Terebratulina 
arisiensis Dav., BcTpeyenuas B moTeTcKoM spyce Maurpiliiaka,— THIHUHBITi 
A, JuOTeTCKOrO Apyca Kak uA IlapwxxcKkoro Oaccelina, TaK u WA BCel Cpeqn- 
-MHOMOPCKOH TIPOBHHIMH. 

4, Boyensetca pan sugos (Terebratula mangischlakica Kovaleva, in 
tt., Gryphus vitreus (Gmel.) ssp. sullucapensis Kovaleva (in litt.), Gryphus. 
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fumanensis (Menegh.) u ap.), crpaTurpaduyeckoe NOOKeHHE KOTOPbIX B HHK 
HeM MasleoreHe KppimcKo-Kapka3scKko-MaurplliimakcKOH MOJIOCbl ABJIA€TCA CO: 
BePIUCHHO OMpeseJICHHBIM, HO TpeOyeT aibHeliMero H3yyeHHA B APyrux pano! 
nax CCCP u 3anaquoh Exsponpl. | 


JleHHHTpagcKHit TocyapCTBeHHBIM yHUBepCHTeT Tlocrynuao 
um. A. A. )KqaHosa 20 VI 1960 


LHMTHPOBAHHAA JIMNTEPATYPA 
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son, Geol. Mag., New Ser., Decade II, 1, Ne 4, Bruxelles (1874). * F.S acco, I Braj 
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Jornagn AkayemMuu wayk CCCP 
1961. Tom 136, N83 


fEOJIOPHA 


A. H. MOCKBUHTHH 


COOTHOWIEHHA HAANOMMEHHDIX TEPPAC BOJIFH VW JPEBHHX 
TPAHCrPECCHM KACNUS C OJIEREHEHHVS MU 


(ITpedcmaeaexno axademuxom B. H. Cykaueeoim 13 VII 1960) 


3a HeHMeHHeM MeCcTa A B HACTOSINel CTAaTbe He OCTAHAaBJIMBAaIOCb Ha UCTOPHH 
a3paOOTKH STOrO BOMpoca. 3a NMoceqHHe TOA A H3y4as MelicToueH Cpez- 
ro H Huxuero IlopomKba B OTHOWIEHHH CBA3H Teppac H TpaHcrpeccuii c ovie- 
HEHHAMH HM MIPHUeJI K OMpeeJIeHHbIM 3aKJIIOUCHHAM, B MIpeBapHTeJIbHOM Buse 
Ke OMYOMMKOBaHHEIM (°). 

Bpijemenve WH pacueHeHHe ulelicToweHa yoOHee BCero MpOH3BOLUTb M10 
Hap Y2KHBaeMEIM B OCAKaX IIPH3HaKaM OJIeqeHeHH WH MexKeCHUKOBUH, Mpu- 
M CJIe€AbI JIEMHHKOBOrO KJIMMaTa PaCIpOCcTpaHAIOTCA JaeKO 3a Mpenevbl 
TABJICHHBIX OJIEMCHeEHHeEM OCaKOB, B HallieM cyjlyyae — Ha Bce IlopoymxKbe 
cepep IIpHkacnulickoH Biagqunbl. YcTaHOBsieHO, YTO Mp KaxKJOM Oveyene- 
iH 3)leCb Ha KaKOe-TO, HHOFa OTHOCHTeEJIbHO KOPOTKOe, B Apyrux culywaax — 
1 Coulee MpOAOMKUTeEIbHOe BPCMA YCTaHaBJMBaIHCh NepHrsAWHaIbHble yCvo- 
il C MeP3JIbDIMM NOUBaMH, %KWJIbHBIMH JIbqaMu, COHMOKUMeH, ycuseHveM 
IOBUAJIbHBIX M JPpyrHX MWpoweccow MaccoBoro MepeMelleHHA HM OTMOMKeHHA 
‘aKOB Ha CKJIOHAX, B JOJIMHAX M JaxKe Ha BOROPAa3JeJbHbIX MPOCTpPaHCcTBaX, 

Bue Jecca. 

IIpuHtok TabIX BO, a BepOATHee — YMeHbUIeHHe MCMapeHHaA, BbISbIBAJIM 
spenOHeHHe 3aMKHYyTOrO Oaccelinya Kacnusa. Mope 3amMBao0 HH3MeHHOCTb 
BXOJMO B PeUHble JOB, MpeBpalllad UX B JIMMAHbI UI 3CTyYapuu uM COCcO6- 
‘BYA AKKYMYJIAWHU aJIJIOBHA Bbile 10 TeyeHuto pek. Ho raaBHad pOulb B Ha- 
OMJIGHHH AJIIIOBHA OCTaBamacb BCe Ke 3a KJIHMAaTOM. 

B KOHUe OeqeHeHHH yBeMYMBaBLUIMHCA CTOK BO, BOSOOHOBJIA 9PO3HOHHYIO 
SATCJIBHOCTh BowIrH, HavHHaBlleli Bpe3aTbCA B HAKOMNJICHHbIe MAaCCbI MepH- 
IAIHAIbHOrO aJJIOBHA. BbipHCOBbIBauIHCb YCTYMbI HaNOMMeHHBIX Teppac. 
TayOleHHe JOJMHbI MposomKaNOCh B MeKJICMHUKOBbAX, MPH perpeccuax, 
N€OBaBUIMX 3a YBeIHYeHHeM HCMapeHHxA. OyHakoO pa3BHTHe JepHOBO-M0u- 
2HHOrO MOKPOBa HM PaCTHTeEbHOCTH MpeMATCTBOBaJIO pa3MbIBY, CHOCY HM Mepe- 
EIN[CEHHIO MeJIKOZ3CMJIHCTEIX TPyHTOB HaCTOJIbKO, 4TO BCe JeHCTBOBaBLUMe pH 
le Me@HeHHAX MpOLWeccbl MpakTHYeCKH COBeplIeHHO 3aMupasH. AKTHBHBIM OCTAa- 
aJICA TOJIbKO AJIJIOBHAJIbHbIM Mpolecc, HO Me?KJIEHHHKOBBIA aJIJIIOBHH peKO 
OXpaHAJICA OT TlepepaOoTKH Mpu Haase CueLyroulero ONeqeHeHuA. Mexueg- 
MKOBbIe MOUBbI B 9TO BPeEMA Tak2Ke CHJIbHO Pa3pyllaIMCb H YaCTHYHO 3aXOpoO- 
ANMCh NOX WelidamMu MW NOKPOBaMM BHOBb OTWMaraloulHxCcA MOpog. 

TakuM TyTeM BO BHEJIENHHKOBOH OOaCTH CO3aBalacb SApYyCHOCTb oca- 
OB, BHOMHE COOTBETCTBYIOULAA TOCeTOBAaTeJIbHOCTH CepHH OTJIO%KeHHH, Ha- 
aIlIMBaBIUeHCA B JI@HHKOBOM 30HE MO] JeHCTBHeM JIbJOB H TaJIbIX BOL. OWHAaKO 
€3 HeNOCpesCTBeHHOM MOpdoorMyecKOH YBA3KH, BO3MOXKHOHM TOJIbKO 10 ITyTAM 
TOKA TaJIbIX BO] OT rpaHHl ONeeHeHHM, AHANOrUA HallaCTOBaHHH He MOrsa 
bl elle CJIy2KUTb JOCTOBEPHBIM MOKAa3aTEILCTBOM CHHXPOHHOCTH OTJIO*KeHHH. 
_Tlo cuactto, 7o1HHEI Bourn HW ee MpHTOKOB Kak Pa3 H CJy2KHJIM MyTAMH CTOKa 
aJIbIX BOA, NMO“eMy H MpeACTaBHJH BO3MO%KHOCTb yBepeHHon mMopdoulormyeckon 
BA3KH JIEMHMKOBbIX H BHeJIeJHHKOBbIX OTJIOKEHHH NO [J pPeBHeaJIOBMaJIbHbIM 
eppacam. 
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IIpapna, He Kaxk yl H3 YeTLIPeX MMerOulHxXCA Ha Bowire HaANOMMeHHbIX Tep- 
pac ya0cb CBA3aTb C OOOHX KOHIOB — Ha CeBepe C JI€QHMKOBBIMH, a Ha lore — 
C MOPCKHMH OTJIOXKCHHAMH, HO OCHOBHOe Ce/laHO BIOIHe HayexXHO, YTO MO3BO- 
JIseT B HeMOCTAIOMLEM MOJIb8OBaTbCA aHaJIOTHAMH. 

JipepueiiaA 3 MvieHCTOMeHOBbIX — aKUAaPbIJIbCKaAd TpPaHcrpeccHA, 3aTO- 
IIMBIUaA BCe HMKHee MU CpeqHee IlopomxKbe vu IIpHkambe, HMeA B OCHOBHOM TeK- 
TOHMYeCKHe MIPHYHHbI, B KAaKOH-TO Mepe COBNala C pa3BHTHeM [peBHelWe»ro 
oeqeneHua Pycckok naatdopmp: (oKcKoro). Kpait onegenenua y Kas3anu, m0- 
BUJMMOMY, IIpHABHTaJICA BIJIOTHYIO K 3aIMBY MOPs, MOCbIIad 10 HeMy Ha JIbqH-| 
wax (6eperoBoro Npumad) NpMHeceHHbIe JIbqaMH Basyubl. Ilo MemkoBOybAM H| 
OTM€JISIM BP€MeHHO MevIeBIero, OTCTyMaBlero HM OMpecHABUIeroca MOP BO3-| 
HUKaJIM KPHOTYpOallH HW KeKypbl (CJleqbI Hanlopa NaBy4IHX JbOB). OTaramucy} 
JIGCHTOUHBIe TIMHbI, OUVCHb CXOJHbIe C XBaJIBIHCKHMH WOKOJIAHbIMH, (PallWA KO- 
TOPbIX NOABIAMACb He pas B OCayKax Oowlee NO3THUX HHIpecchHi MOpA B AOMMHE 
Bourn. CoOpaHuHble CBee€HHA O PaCTHTeJIbHOCTH aK¥arblJla YKa3bIBalOoT Ha XO-| 
JIOMHbIM KJIMMaT M MIpHcyTCTBHe JecoTyHIph! y r. Bamakoga. 

Hu30sppa Y3eneli wu cepepHad OKpauHa I]puKacnulickoh HH3MeHHOCTH — 
modepexkbe CJIeAyIOWleH, aMWiepOHCKOH TpaHCrpecCHH, HbIHe 3aHATOe MOyNy- 
CTbIHAMH, B anmepOHe ObIJIO NOKPbITO CeBepHO-TaexKHOH PaCTHTeJIbHOCTHIO; 
BpeCMeHaMH JieCa YXOJHJIH, HO, BHAMMO, He K CeBepy, a K Wry H 3yeCb yCcTaHaB- 
JHBaICA MaH{WapT MOJAPHOW MYCTHIHH, WIM «MepurviAlHabHbIxX cTeneh».§ 
OnemeHeHve ceBepa B allliepoHe HeCOMHeHHO. K comaeHuio, Npeyeubl pacipo- 
CTpaHeHHA 9TOTO, H3BeCTHOTO B KpalHe CX€MaTH4YHOM Bre, «Oepe3HHCKOrO» 


¢C MOPCKHMH CyleqbI cCTOKa Ha Bourre elle He HalieHbl. 

BakwucKkad TpaHcrpeccHA pa3BHBaacb MO3%Ke, B Havasle JIMXBHHCKOFO} 
M@XKJICMHHKOBbA. Ona Oblula OTHOCHTeJIbHO KPaTKOBPeMeEHHOH H OBICTPpO CMeHH- 
JlaCb. MEK ENHHKOBOH perpeccuel. CneqoB B WomHHe Bowru OT Hee He coxpaHH- 
JOCb; TIpHHUMaBllasca 3a HHX V HagnolMenHad (uu III no crapomy cuerTy)§ 
Teppaca O6pa30BaHa B pesyJIbTaTe HECOBEPIWIeHHOFO BbIMOJIHEHHA BOaKkuarblib 
CKOH JOJIMHbI, HH Ke 3a OAaKHHCKYy!O MpHHHMasacb IV, cooTBeTCcTBy!OlWlaA MaK-} 
CHMAJIbHOMY JIHEMPOBCKOMY OVJIeeHeHHIO. 

Meola HEOMMHAaKOBY!0 (OT MeCTHBIX TEKTOHHYCCKHX JIBHXKECHHH) BBICOTY, 
BeCbMa OOLIMpPHad HM BbIepxKaHHaAd IV Teppaca OObINHO AByX-, MeCTaMH — Jae} 
TpexbapycHa. HwxKHHH ee sApyc ray6okO Bpe3aH B Ooslee ApeBHHe OCaIKH 
HMeeT MOUTH HOPMAJIbHY!O (JI COBPCMEHHOFO aAJIJIIOBHA) MOWLHOCTh H COCTaB§ 
Ou cooTBeTcTByeT «BeHeqcKOMy» ropuH3oHty IT. MW. Topeuxoro (*), Ho, cya nm 
MIbWIbUeBLIM aHamH3am E, H, Ananopon (), OTMO%KeH He B Me2KJIEHHKOBEE, 2 
B HauaJie JHEMpOBCKoroO OvIeqeHeHHA, KOra B HH30BbAX Kamp Opin «mepH} 
PIAWMaIbHbIe CTelmu» (COOCTBeEHHO — XOJIOMHbIe WycTHIHH), a y PKuryneih Vw 
Banakopo (m0 MbiIblueBbIM aHaH3am JI. A. Cxu6pt) npou3pactana TemMHOXBOH 
Has Taira. Bepxuul apyc anmopusa IV Teppacbr WocTuraeT OOJIbIIOH MOULHOCT 
(mectamu Govee 100 m), cna60 MozpaspemseTca Ha cballHu, OOManaeT U3BECTKOF 
BHCTOCTbIO OCaXKOB HW IpMCyTCTBHeM SACHBIX CJIeOB Mep3JIOTLI (OTMedaeMOH BG 
BCeX ACHBIX OOHAKCHHAX, BIVJIOTh JO HWKHeXa3zapcKUXx c0eB II] puKkacnulicKo 
BialHbl), COJCPp2KUT CBOeEOOPAaSHbIM KOMIMJIEKC NePHIIAWHANbHBIX «JTYFOBbIXE 
MOJJIHOCKOB MMIbIIbILy JIeCOTyHIpOBoro cneKTpa. B Hu30BbxAX Bourn B 3TOM Apycee 
3aK JIOYCHDI CJIeQbI IpPeBpalleHHA JLOJIMHbI B IMMaH WIM SCTYapHi (JeHTOUHBIe PtH 
HbI, CXOJ[HbI€ C XBaJIbIHCKHMH IOKOJAaHbIMH — y KBaCHHKOBKH, SONOHeEBKHE 
Vnopatkn, BemokamMenHkH HT. J.), aMHOra H MOPCKad HWKHe-Xa3zapcKaN cbayHa 
(KaauHopas 6aska, no TT. A. IIpapocasaesy, (°)). Bepx mo Bore stor xe Bepx} 
Huu sapyc IV TeppacbI Mepexo_UT B UpHaenqHHKOBbIe 3aHmpH Maputicxoro Sap 
BOJUKbA WH y ycTbsaA Cypbl BKsO04aeT MpOCJIOH JeHHKOBbIX OTJIOMXeCHHH — MOM 
penbl. CoorsercTsue BpeMeHH (POpMUpOBaHUA STOH Teppachl JHEMpOBCKOMY 
OJIeeHeHHIO H HWKHEXAsapCKOH TpaHcrpeccHH — HeCOMHeHHO. 

Tpetba HaqnolimMenuas Teppaca Bouru «6enospcKas», c1a60 pacipocTp aHeHp 
Hast B Cpequem IJopomxKbe HW MpeqcTaBseHHad Jake BOIu3H Cea, aBulero ef 
Ha3BaHue, TOJIbKO NPHOOPTOBLIM KpaeM, MMEIOULHM 2pO3HOHHOe MpONCXomTeHH 
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. Beapmt Ap), 8 Hwxuem Ilopomxte, kak u Bpiie Kasanu, xopouo pasBura 
Capatona yocruraet wupuubr 12—14 xm). Tlomnpie paspessr cmaratomx ee 
WI, HEMSBECTHBI, CKBaKHHbI BCKPbIIM TOJbKO BepX, Makcumym 30fM, Torga 
4K MOILHOCTb aJIJIIOBHA MO BbICOTe NOBEPXHOCTH HW MOO%*KeHHIO MOJOWBE MDe- 
muaeT y Banakoga 60 M. 

BepXHui MO TeyeHHIO KOHEI ee HajexKHO «IPHBA3aH» K KpaiO MOCKOBCKOrO 


TefleHeHHA — ero 3aHyqpam B Memepe u no Berayre, Torga Kak no Bogre 


HPAH ONEQEHEHHA N 
‘Ost-octTawoscKoe , K-kanwHHHCHKOe 
M-mockKoscxoe, D-gHenposcxoe 
A - akcxoe 
TEPPACHI 


ae | O8t...-6 IK <--> IM — IVD 
wy SAHAPbE ~TPAHCIFPECCHH 


“wt ya ‘ 
A urd 8 hy ths A nay {Ak 


150 OQ 150 300 450 600 750 kw 
SS Se 


Puc. 1, Cxema yBxa3KH oslemeHeHHli c Tpancrpeccuamu Kecnusn 


Biska yepes Kunelmemckui 3anap TpeOyerT yTounenua. JInManHHan «ompec- 
eHHO-MopcKas» dbayHa HalifeHa B Claralollux ee OCayKax B HH30BbAX p. M. Ka- 
aMaH, re 3aseraeT na BbIcoTe 25—30 M H. y. M. Orcrojla, eCJIM He IPHHHMAaTb 
2 BHHMAaHHe BOSMOXKHOCTb HeOTCEKTOHHKH, COOTBCTCTBYIONad TpaHcrpeccus 
OX%KeT ObITh TOBKO HEMHOFO He JOCTHTala YpOBHA Govlee NOsqHeH — XBAaJIbIH- 
<Ol. 

_ Uipsamerx yxasanuii na MpuHamwexKHOCTh STOrO JMMaHa MO3qHexasapcKoOh 
QaHcrpeccun, ocTaBuBueli B 150 Km BoctouHee Bonru, Ha p. Ame-Y3I0K, onH- 
anuyio M. M. )Kykoppm (*), BepXHexasapcKylo MopcKylo (bayHy, He MMeeTCS, 
9 M0 AHTONOFHM M IPYrHM KOCECHHBIM COCOpaxKeHHAM Takasl yBASKAa BEChMAa 
osTHa. CxOHBEIe C WOKOMAHBIMH XBaJIbBIHCKHMH rnb B III Teppace sctpe- 
bi 6ypenvem y Kpacuukopku, Opsopku, KovubiikuHa 4 B ApPyruX NyHKTax. 
Bropax HaynolimMeHHad — XBaJIbIHCKaA WJM CTaBpOmobckan Teppaca — 
fy6oko Bpesana B III u IV, pasputa papHomepHo no Bcei Boure ot Koctpompr 
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no IIpouefixu, umeet IBYXbAPycHOe CTPOeHHe C TEM 2XKe MPH3HAKaMH APYcos, UTC 
uB IV Teppace. DopMupoBaHne ee 3AKOHYHJOCH 3aTOMJICHHeM AJIJIIOBHA BIIJIOTh 
no ycrbx B. Uepemurana u BeicoTs: 45—46 m a6c. B o6pa30BaBliemca HMaHel 
JO BbICOTHI +35 M OTJIaraJIMCb XBaJIBIHCKHe WOKOJ Aa Hble PIMHbI; B OOIee MeJIKHX 
MeCTaX HaKOMJIAJIHCb CYIIMHKH, Cynecu H necku. Bepxuuit konen II Teppachig 
COHOCTaBJIeEH C YpOBHeEM CTOKA TAaJIbIX BO KaJIMHHHCKOTO OJIeeHeHHA, JOCTH+ 
rapmero KocTpoMbl. XBaJIbIHCKad TpaHcrpeccHA uM COpMupoBaHHe BCcero Bepx 
Hero apyca II Teppacbl, cyqA NO MblWible MH KpHOTypOalluaM, COBeplIaIHCcHE 
B JICQHHKOBbIX YCJIOBHAX, MOKeT ObITh TOJIbKOHEMHOFO MeHee CYpOBbIX, ¥e 
CYyleCTBOBaBLIMe JO TpaHCrpeccHu, Kora NepeMepsiliad NepHrviAlManbuad Wy 
CTHIHA C HEOTTAMBaBlleH C MOBepXHOCTH JaxxKe JIETOM Mep3I0TOH WocTurana IIpH4 
KaCNHHCKOH BIaqMHbI (OOWJIbHbIe MCeBOMOPO3bLI XOPOWIO Pa3BHTbIX JIEIAHbIXH 
KJIMHbeB MO, WeCKaMH AXTYOMHCKOFO ropHs30HTa y CTrasMHrpaya UW HMXKe, BIVIOTH 
yo Konanoskh). 


Hu3KO. Bosra Bpesaacb, OTMarad aJJIOBHH Hu3a | HaqMOuMeHHOH Teppachg 
MpociexKNBaeMOH JO BepxoBHi Bonro-AxtTy6uucKoH fomuuHp (r. JleHHuck)§ 


B YpHHCKyW. Y ponent ee,— MOxKeT ObITh TOKO Ha KOPOTKHH CpOK, JOCTHT 
+8—-+10 m a6c. (BMecTo mpegqnomaraBuieroca 0M), amuMaH 10 Bore MpoHHK 
BBepX 10 TeyeHHIO Ha 400—500 xm. B ero ocaykax y mpuct. Bprkopo uw HYDKE, 
NOABJIAIOTCA MIpOCNOH WOKOIaLHbIX TMH. HecmoTpaA Ha TO, YTO MeCTO yCTbSp 
JIMMaHa pa3MBITO, a MpocsexuBaHue I TeppacbI BBepx Mo Boure fo rpaHu no} 
cleqHero — OCTALIKOBCKOrO OvIeMeHeHHA He ClemaHO Cc HasekallleH TULaTemby, 
HOCTbIO, COMHEHHH B COMOCTaBJICHHH YpAHHCKOH TpaHcrpeccuH C OCTAaLUKOBCKHM, 
OuleeHeHHeM He BO3HHKaeT. OHaKO MOCJeAyroulad perpeccHA Hayasach ele, 
AO Hayasa rowloleHa, B JIEMHHKOBbIX YCJIOBHAX, MOXKeT ObITb NON BMAHHEM OT}, 
cTyMaHuad Kpax bow 3a Bantuicku Bogopasye U BOSHHKHOBeEHUA TvIAIMOF, 
O6CeKBeHTHOrO CTOKA TAaJIbIX BOJ. 

[pacduyeckoe pesioMe H3JI02%KeHHOrO faHO Ha KapTocxeme puc. |, Ha KOTOpOH, 
MOKa3aHbI KOHTYpbI Osle@eHeHHM, IHHUAMH — COOTBeTCTBYIONMe HM Teppachl ¥ 
CeBepHHI Kpal OMHOBPeMeHHBIX TpaHcrpeccHi. 


Iloctynuso 
12 VII 1960 


WHMTHPOBAHHAA JIMATEPATYPA 


1Es H. Ananosa, [lpo6as Oor,s. 4 (1959). 71. HW. Topemxun, QA 
110, Ne 5 (1956). 3M. M. Ky kos, I[Ipo6sempr: SananHyoro Kasaxctana, 2, 19459) 
4B. A. Kospaa, H. H. JIe6en es, JAH, nos. cep. 5, Ne 1 (1933). 5 A. H. Mom 
CKBUTHH, Tp. leon. unct. AH CCCP, B. 12 (1958). 8H. A. TpapocaaBsae By 
ss. Bapuiascx. yuHus., 1905, 1908. 
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Jloxnann Akayemuu nayx CCCP 
1961. Tom 136, Ns 3 


TFEOJOPHA 


B. A. TBEPAOXJIEBOB 


O KPYIIHOM BAJIOOBPASHOM NOJHSTHH B BOCTOUHONM 
YACTH HPKYTCKOrO AM®HTEATPA 


(ITpedcmaeaeno axademuxom H, M. Cmpaxoeoim 26 IV 1960) 


Teonoruyeckasd KapTa BocTtouHoH uactH MpkytcKoro amduteatpa duKcu- 
yeT MOHOKJIMHabHOe MOrpyxKeHwHe HwxKHeMaeos0vcKux Nopox (Cm — O) 
r okpawn BavikaiecKoro HaropbA Ha 3anaf, K WeHTpy am@uTeatpa, ocomHse- 
O€ CTPYKTYPHbIMM (POpMaMH TpeTHero H OovIee BLICOKHX NOPAAKOB, THMAa HeN- 
KUX HW JIGHCKMX CKJIajOK. 

He BbISbIBaeT COMHEHHA, OMHAKO, YTO CTPyKTypa FuIyOMHHbIX TOpH30HTOB 
caOUHOrO YeXJla B SHAYHTEJIBHOH Mepe OTMMUAeTCA OT CTpyKTypb! MpHnoBpepx- 
OCTHBIX TOPH3OHTOB. B uwacTHOCTH, paOoTaMu COTpyAHUuKOB Tpecta BoctcnOxe- 
Tereoorua (') ycTaHOBJIeHO, YTO MHOTHe CKwaquaTble CTPyKTypHble (OpMsr, 
apTMpyemble B BepXaX KeMOPHHCKHX OTJIOMKeHHH, BbINOMAKNBAIOTCA H UCUe- 
AIOT B HHMKHHX TOPH3OHTAX KeMOPHA (B MOTCKOH CBHTe amaHCkoro sApyca u 

HH3aX yCOJIbCKOM CBHTbI JeHCKOrO sApyca). MonoKJIMHaJib BOCTOUHOW 4aCTH 
M@UTeaTpa, PUKCHPYIOWLlaAcA B COBPEMeEHHOM 2PO3MOHHOM cpe3e, C riyOuHOu, 
O-BHJJMMOMY, paCliafaeTca Ha CTPyKTypHble (OpMbI BTOporO NopsAAKa u, cob 
[TBeHHO, MepecTaeT ObITb MOHOKJIHHAVJIbIO. 

B wactosilee BpeMA CUHTaeTCH OOUeCMpH3HAHHBIM CyeCTBOBaHHe B rviyOuEH- 
bIX POPH3OHTAX OCCaJOUHOTO Yexsia H B pewbede NOBeEPXHOCTH KpNCTamMYe- 
KOrO (yHaMeHTa OMHOK U3 TAKUX CTPYKTYPHBIX (OPM BTOporo NopsyKa — ruy- 
oxoro IIpuOalixantckoro mporn6a. 

IIpu6atikanpckul mporu6 pmepsbie Obi BbIqeweH H onucaH E. B. Ilapsos- 
KuM (7) B 1948 r. B Bue NepeqOBOli BNALMHbI Tak HasbIBaemoh Bapry3HHcKon 
WKHEKeEMOPHHCKON TeOCHHKIMHAIH. STO Oblia OONACTh AKKYMYJIAWM «MOL- 
BIX TpyOblX OTJOKeHHH TpayBaKKOBOH TOJIULM», H3BeCTHOH Mo, Ha3BaHHeM 
WlaKOBCKOH CBHTbI HWKHero KeMOpusa. ABTOp OTMeTHJ KpaTKOBPpe€MCHHOCTB 
ylUjeCTBOBaHHA Tepemosporo mporu6a: B MOTCKOe BpeMA TporHO y2xe NpekpaTus 
BOe CYI[ECTBOBAHHe, MpPOH3OILIJIO «BLIDPABHHBaHHe KOHTpacToB» IlyTemM norpebe- 
HA pelbeda NOX TOME OTMORKeHHU MeHCKOTO BeKa HMKHerO KeMOpusA. Bos- 
MKJIa MOHOKJIHHAJIb, COXPaHHBUIaACA, B OCHOBHBIX YepTax, JO HacTOALLero 
peMeHH. 

M3yyenvem IIpu6altikanbcxoro nepegosoro (Kpaesoro) nporH6a 3aHMMaJIHCb 
3. T. Mopgoscxui, IT. A. Ky3uenos, JI. HW. Canon u gp. 

OjHako Ipu3sHanve cymecTBOBaHHA rmy6okoro mporvOa B IIpuOatixanbe 
wieyeT 3a COOOH MpemcTaBseHve O CyWIeCTBOBAHHH CMexXHOM C HMM C samaya 
‘AKOH-TO MOJIOXKUTebHOM CTpyKTypHOH copMmbI BTOporo nopsyKa. JlelicTBu- 
eJIbHO, rryOuHa 3aneraHunA KpUCTasMYeCKOrO PyHAaMeuta B palioue I IpuOak- 
‘aJIbcKOrO TIporu6a, no Zann JI. HM. Canona (*), cocranaseT 8—10 xm. K 3a- 
lay OT mporu6a, mpuMepHo mo muHuN cc, Yctb-KyT — )Kuranozo, riyOuna 
ayer aHUA KPUCTAaINUYECKOTO cbyHaMeHTa, Cys 10 WaHHbiM Kurasiopckol Omop- 
10H CKBaKHHbI, COCTABJIAeCT OKONIO 3 KM; elle 3anaqHee, B WeHTPaJIbHbIX YACTAX 
iMpuTeaTpa, ralyOuHa 3aneraHuA CPyHAaMeHTa OPHeHTHPOBOYHO ONpeyemneTcA 
3 4—5 xm. Takum o6pa3som, pa3pe3 10 HHMH BOCTOK — 3anay Cc WOcTaTOUHOH 
[Oe BePOATHOCTH CBHJeTeJIbCTBYeT O CYIeCTBOBAHHH compsxeHHOrO C IIpu- 
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6alikaJIbCKUM MporMoom c 3amaqa KpynHoro nogzHATHA. CyujecTBoBanHe Mocwer- 
Hero TeM OovIee BePOATHO, UTO KpaeBble MporvObl yacTO OpiBaloT OTAeMeHbI [OT 
coOcTBeHHO MWlaTPOpMeHHEIX OOsacTeH BanoOoOpasHbIMH MOHATHAMH. 
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Puc. 1. Cxema pempeta nopepxuocra cbyHyamenra uw rayOuHHBIXx TOPH30H- 
TOB oCaxouHoro yexa Mpkyrckoro amduteatpa. / — nogqHATHA KpaeBol 
aHTeKI3bI amiuTeatpa, 2—5 — yuacTKM ¢ pa3qM4HoOli rayOuHoli same: 
PaHHA KpHCcTammMueckoro (byHqamenta: 2 — fo 2,5 km; 8 — fo 3 Km; 4 — 
no 4—5 km; 5 — no 8 Km; 6 — Kynomoo6pasuble cKayKu; 7: a — ycmoBHbIe 
H30PHNCbl pembetba MIyOMHHBIX TOPH3OHTOB amiuTeatpa, 6 — npeqmonara- 
emble (bleKcypuble H3rH6nl; 8 — pasoMbl; a — ycTaHoBeHHe, 6 — mpen- 
nowaraempie. / — Baiikaspexoe naroppe, JJ — CasncKoe waroppe, J// — 
IIpv6alikanpekuli pan, JV — MoHOKAWHaab MossemHoro cKmoHa Bocrou- 
Horo Casua, V — Tlenenyiicxoe nogusatue, VJ — IIpn6atixanecKuii mpo- 

ru6, V/J — MonoK/MHadIb WeHTpaJIbHEIX palionos amcuTeaTpa ‘ 


ES ——— ——— 


Auaiu3 KapT mouqHoctelt HWKHEKeEMOPHHCKUX OTMOKeHHH (') MoMoraeT 
YTOUHHTb HCTOpHIO CyulecTBOBaHHA I]pHOalikaibcKoro mporn6a u CcOonpsAxKeH- 
HOrO C HUM NOWHATHA. YCTAaHaBJMBaeTCA, YTO MOWLHOCTh CHHHHCKHX OTMOKeHHH 
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YBeJIMYMBaeTCA B HallpaBJICHHH C 3allafa Ha BOCTOK, H3 pahona cc. boxay — 
MKurasoso K pationam Sanaguoro IIpn6aitkanba, c 200—600 no 2400—2900 m; 
MOULHOCTb MOTCKHX OTJIOKKeCHHM HHYKHETO KeMOPHA COOTBETCTBEHHO yBeJIHUH- 
Baetca c 500 no 1100—1500 m. CopepmteHHo uHOoe pacnpezemeHue MOWLHOCTeH Ha 
STOM Ke yuacTKe HaOMOMaeTCA B YCObCKOM CBUTe JIEHCKOFO ApyCa: MOMLHOCTh 
ee YMeHblllaeTcaA C 3amagqa Ha BoctoK c 1100 yo 300 om. IIpupenenupie 2aHHble 
CBHJCTEJIbCTBYIOT O TOM, 4YTO K Havally JIeHCKOrO BeKa HWKHEKeMOPHUCKOL 
snoxu IIpudatikanbcKuit nporn6, cyulecTBOBaBLUIM, MO KpaliHeli Mepe, Ha po- 
TAKCHHH CHHHHCKOFO BPeMeHH MH aaHCcKOrO Beka, 3aMKHyvica. IIpomeccpr aK- 
KYMYJIAWHH BbIPOBHAIH pelbed, H B CBA3H C 3THM B KPOBJIe MOTCKHX OTJIO%Ke- 
HHH ye He (UKCHPyIOTCA HH BaHHa, HM COMNpsxKeHHOe C Helo MOMHATHE. 
ITH aHHble coBlayaioT c mpeyctaprenuamu JI. 4. Canona u E. B. Masnoscxoro 
O KPaTKOBpeMeHHOCTH CYeCTBOBaAHHA MporHOa, JIMUIb BPEMA 3aMbIKAHHA TIpo- 
ru6a 0 cpaBHeHuio c JanHEIMH E. B. IlapnopcKkoro nepemBuraetca c Hauaa 
aJJaHCKOrO BeKa K €FO KOHILY. 

OTHOCHTeJIbHO HermtyOoKoe 3aeraHve KpUucTamiMueckoro dyHamMeHTa 
B palHoue lipemnodaraemoro MOAHATHA MPHBOMUT K TOMY, YTO Ha WaHHOM yuacTKe 
(UKCHpyeTcA Oovee HaNpAKeHHOe HU WeTaIH3MPpOBaHHOe AHOMAJIbHOe MarHHtT- 
HOe Nove, YEM B CMEXKHBIX C 3allaya HM BOCTOKa paHOHaX. ITO OOCTOATEMbCTBO 
NO3BOJIAeT OMpeWesIHTb B OOULHX YepTax MOp*OIOrHiO ONHChIBaAeMOH CTPyKTYp- 
HOH (OpMbI, HECMOTPA Ha TO UTO CKBaXKHHbI ONOpHOrO UM TryOoKoro OypeHHA 
MOUTH He OCBeLaloT WaHHy!O TeppHTOpHto. 

Onucbipaemasd CTpyKTypHad tbopMa BTOporo MopsAyKa, KOTOPy!0, MO-BHIH- 
MOMY, MO%KHO Ha3BaTb IIpuGalikanbCKUM BaJIOM HIM BaNOOOpa3sHbIM MOMHATHeM, 
Ha tore COMNpAxKeHa C MOHOKJHHAaIbIO NOM3emMHOrO CKOHAa BoctouHoro CastHa 
(puc. 1). JJanee k ceBepy CBOM0Bax YaCTb Baa, NO HallMM MpeycTaBJIeHHAM, UMeeT 
S-o6pa3Hyi0, M30rHyTy!io0 *opMy, pa3yeAA [Ba OTHOCHTeJIbHO NOHW2KEHHBIX, 
VIJIOWLEHHBIX yuacTKa Baia. 

K 3anany ot IIpuOatKkanbcKoro Bana pacnomaraeTca CIOXKHO NOCTPOeHHaA 
MOHOKJIMHAJIb WCHTPaJIbHbIX paHOHOB aM(HTeaTpa, OTAeIeHHaA OT CKsIOHA NOZ- 
HATHA paspbIBaMu UM dbvleKCYPHbIMH H38rvOaMH MOpos ocayounoro yexwa. 

Anasiv3 reou3sH4eckHX JaHHbIX MOKa3bIBaeT, YTO OMHCbIBAeMOMY BaslO0Opas- 
HOMY HOMHATHIO COOTBETCTByeT B KPHCTaIMYeCKOM (byHaMeHTe MOAC’ KeCT- 
KHX MH, MO-BHJHMOMY, CTAOHJIbHBIX apXeHCKHX rviblIO CeBepO-BOCTOUHOrO HalipaB- 
JIQ@HHA, Pa3MeLICHHBIX B Oosee WACTHYHOM MpOTepOSOHCKOM CKsIaqyaTOM Move. 
YCTaHaBJIMBAeTCA, UTO WIA PaliOHOB apXelCKUX TbI6 XapaKkTepHb! 3aMbIKalO- 
WHeCA B KOJIbILAa OCH MArHHTHbIX AHOMAJIHH, CBUJeTeJIbCTBYIOULHe, OYCBHHO, 
O HaIMYMH B CTpyKTypax (yHWaMeHTa KOHICHTpHueCKHX COOpyxKeHHi TuMAa 
KYNOJIOBHAHOH CKIaqyaTOCTH. STU %Xe CTPyKTYpHble (OpMbI COXpaHAIOTCA, TO- 
BHHMOMY, HU B rIyOMHHBIX rOpH30HTax OCaqouHOrO Yexsa, OcNOmKHAA IIpuoai- 
KaJIbcKOe BalOoOpa3Hoe MOAHATHE. 

YcTaHoBsieHve KOHTypoB IIpHOalikambcKoro BamoOOpa3HOrO MOLHATHA M0- 
MoraeT YTOUHHTb KOHTYpbI COMmpsxKeHHOrO c HuM IIpuOalikanpcKoro mporn6a. 


BoctouHo-CuOupckH reolorH4uecKHi HHCTHTYT Ilocrynusto 


CuOupekoro otszeneHua Akanemun HayK CCCP 26 IV 1960 


UMTHPOBAHHAA JIM TEPATYPA 
1 Teonorua u HedTerasonocHoctb Bocrounoii Cu6upu, M., 1959. 2 E. B. Tlapaos- 


¢k HH, Tp. Mucr. reon. nayk AH CCCP, reon. cep., B. 99 (1948). % Teonornueckoe crpoe- 
HHe CCCP, 3, Textonuka, M., 1958, crp. 58. 
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Joruann Akanemun nayr CCCP 
1961. Tom 136, Ne 3 


TEOJOUH A 


B. H. WOJIMO 


CTPYKTYPHbIE OCOBEHHOCTH 30HbI PASBUTHSA 
NOJIHOH CKJIAQYATOCTH CJIAHLWEBOrO JArECTAHA 


(ITpedcmaeaeno axademuxom H. C. Ilamcxum 2 VI 1960) 


B cBxA3H C MpoOeMOH MeXaHH3Ma CK/aqKOOOpa3z0BaHHA UpesBblyaHHO OOVIb- 
UIOH HHTepec MpescTaBsAeT reoulorHyecKkoe CTpoeHHe 30H pa3BHTHA MOJIHOK 
CKJIaqyaTOCTH, 3AHMMAIOULMX OCeBbI€e 4aCTH YTeOCHHKJIHHAIbHBIX OOacTeH. 
B ocnope pelleHHA BOMpPOCOB MeXaHH3Ma CKJaqyaTbIX TepopMaluH oOuMKHO 
JleKaTb JeTaIbHoe H3yyeHHe MOP@OOrHu CTPyKTyp HU BbIACHeHHe B3aHMOOT- 
HOIMeCHHH pasJIHMUHbIX MOp*OJIOrHyeCKHX THNOB CkKsagoK (',”). 

Apstop, padoTaBuinit B cocTape KaBka3cKOH TeKTOHH¥YeCKOH SKCIeAMLMH 
Vuctutyta du3suxku Seman AH CCCP, coctapian CTpyKTypHble Mpopusu sepes 
BCIO CKJIaquaTylo OOlacTb Cnanuesoro JlarecTaHa, YTO NO3BOJIHJIO BLIABUTb Le- 
Jiblii PA, HOBBIX, CYULECTBEHHO BaXKHBIX MOp*osOrMyecKUX OCOOeHHOCTeH CKJIa- 
OK, YCKOJIb3aBLIHX OT BHHMA@HHA TeOJIOrOB, 3aHHMABWIHXCA CbeMKaMH )pa3- 
JMUHOrO MacliTa6a M BbIACHHBUIMX JIHIIb OCHOBHbI€ YepTbl CTPyKTYpbI 3TOK 
CIOXKHO JMCNOMMpOBaHHOH OOmacTu (* °,%). TlomyyeHHbili B pesyIbTaTe mMose- 
BbIX paOOT HOBbIH PakTHYeCKHH MaTepHaJI MO TEKTOHHKe OCeBOH aCTH CKaJ- 
yaToH 30HbI Bompuioro KaBKka3a JjaJI BO3MOXKHOCTb HAMe€THTb HEKOTOPbIe 3a- 
KOHOMepHOCTH B paCNpoOcTpaHeHHW HM B3aMMOCBA3H CKaOK pa3iHUHOrO THNA. 

Bonbuiok Kapka3 mpeycTapaseT CcoOoH cCJIO%KHO NOCTPOeHHbIN MeraHTH- 
KJIMHOpHH, B WpefemaxX KOTOpOrO BbIJeHeTCA pA KpPYMNHbIX CTPYKTyp- 
HbIX cTymeHeH. B poctouHol momopHHe bompmoro KaspKa3a ycTaHoB- 
JI@HO He€CKOJIbKO TaKHX CTyMeHeH NMepBoro NOpAAKAa, 3a KOTOPbIMH B JMTepa- 
Type 3aKpeNHJIHCb, MOKeT ObITb HE COBCEM yauHO, Ha3BaHHA: OOacTb Tpe- 
THUHBIX IpelropHi — kpaWHAA ceBepHad CTyMeHb, fasee K tory — M3BecTHa- 
KoBbIH J[arectaH, Caanueppli J,arectaH H @IMWeBbIH Tpor 10o%KHOFO CKJIOHA. 

Takum o6pa30M, Caanuespiit JlarecTaH 3aHHMaeT BHYTPeHHION, WeHTpaJb- 
HYIO, 4aCTb BOCTOYHOK MOJOBHHbI MeraHTHKHHOpHA Bombmoro KasKa3a uv 
ABJIACTCA CTPYKTYPHOH CTyMeHbIO NepBoro NopsAyKa, HanOosee BLICOKO NpHNO]- 
HATOH MO OTHOWIeCHHIO K OFpaHHUHBalOulHM ee 30HaM: M3BecTHAKOBOMY 
Jjarectauy c ceBepa ¥ (biMueBomy Tpory — crora. B cBoio ouepenb Cranienbiit 
JarecTaH He ABJIAeTCA €MHOM ONHOPOROH 30HOH, a COCTOHT, Kak 9TO OyneT 
MOKa3aHO Jlaiblle, U3 pANa Oosee JPOOHbIX CTPyKTYPHBIX 30H. 

CnoxeHa o6nacTb CyaHueporo JarecraHa OTJOX%KeHHAMH cpemHero Fi 
BepXHero sieHaca. [pannua mexyy Caanuespim 4 M3pecruakosnm JlarecraHom 
OObINHO TIPOBOAHTCH MO KpaHHHM I0%KHBIM BbIXOQaM BepXHe- H CpeqHelopCKHX 
oTmo2xeHHH. Kak M3BeCTHO, B BOCTOUHOH uacTu bombworo KapKa3a Joaibinit- 
cCkuH (yHaMeHT He He BLIXOJHT Ha TOBepxHoOcTb. Ilostomy ypoBeHb HWKHEeH 
PPpaHHbl HHKHEIOPCKHX OTMORKeHHH HEM3BeECTeH, a OeMHOCTh tbayHHCTHYeCKHMH 
OCTaTKaMH JleaeT CTpaTurpactuyeckoe paciieHeHve HWXKHE- HM CpeqHeeHacoBbIxX 
TOJIU, BeCbMa YCJIOBHbIM. STO OOCTOATEIbCTBO BbI3bIBAeT OOJIbLIHeE TpyHOCTH 
B paCcluHMppoBKke HCTOPpHH NepBoro 9TaMa TeOCHHKJIHHAIbHOrO Pa3BUTHA ITOM 
oOacTH B aJIbIHHCKOM WHKvIe, a TaKKe B BLIACHCHHH Me€XaHH3Ma OOpa30BaHut 
CKaqdaTbIX WH pa3pbIBHbIX JePpopMallHi. 

PaccMOTpHM OAHH H3 Mpouviel, KOTOpbIli MepeceKaeT BKpecT MpocTupaHHusA 
MOUTH BCIO OOlacTb Cnanuesoro JlarecTaHa. SToT npodulb npoxogutT or c. Ty- 
JIM3Ma Ha 10r, BAOIb BepxoBbeB p. Ka3ukymMyxcKoe Kolicy, yepe3 MaccuB 
r. Jltonptei-ar, BepXoBbA Gaccelina p. Camyp WM ee KkpynHoro MpuToKa 
p. J\tonpthi-yaH,  Jambuie Ha tor, Ha Bosopasyzen Tnapnyoro xpe6ra — 
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p. Juugu-yar (BocTouHee fr. SakaTavbl), H 3aXBaTbIBaeT OUCHb HEOOVIbILYIO: 
(Tb }OxXKHOrO CKIOHA (puc.' 1). PaccmaTpuBaemoe MepeceyeHuve OcBellaeT HaH- 
Hee H3YYCHHY!0 MpeMbILYULMMH UCCJIeMOBaTeAMH YacTh CwaHueBoro; Jlare- 
ana. Hamm osblifenneTch pA yuacTKOB, OTAMUAaIOULHxcAH 0 MOphosxo- 
M ckJajox: 1) oT c. -}Tyau3ma mo ep. Jlaxa3auu, 2) oT 
p. Jlakasauu yo c, Kycyp, 3) or c. Kycyp go KpynuHoro pa3soma ceBepHee: 
Bau-Myxax, 4) oT sToro pa3vioma 40 BOJO- 
isyena PaapHoro xpe6ra, 5) 1oxKHbI CKJIOH. 
IeJIeHHbIe Y4aCTKH TpescTaBsAIOT CO6OK 
PYKTYpHble Teppacbl HH CTyMeHH BTOporo 
pATKa, NOHMMAIOUlMecH OT MNepudepHu 
WayqwaTok oOmacTH K OCceBOH uaCcTH. 
Camas cepepHas uacTb Cranuesoro JIare- 
ana, rpanwuaijan c M3BecTHAKOBbIM, pac- 
[aTpUBaeTCA MO MepeceseHuio, pacios0xKeHe 
My B 20 KM 3allaqHee, BLOb p. Kapa-Koi- 
 (puc. 1). Secb, toxwKHee rpaHHupt Cranue- 
ro H Ms3pectuskosoro JlarectTana, IpoTaru- 
leTCA WMpOKaA MOMOCa aaJIeHCKHX OTJIOXKe- 
iM, WajlaloulHX K CeBepy H CeBepO-BOCTOKY 
MC. 2). Ota «aaeHCKaA MOHOKJIMHAaJIb» CHJIb- 
) OCMIOMHEHA CTY MOOOPa3HbIMH (puleKcypamuH, 
TOpHle Ha NeperHOax uHOrMa NepeXoAAT B 
A3pbIBLI. Ha mpodusie BUAHO, YTO CTpyKTypa 
OCH AAICEHCKHX OTMORKEHHH MpescTaBssAeT 
OOH PANMOAHUMAIOULMXCA kK 1oOry ycTyNos, 
oTOphle OOpasyioT B WeOM KpynHyto (pieK- 
py, pasfensrouryio Cyanuespii uv M3pect- 
AKOBLIM J[arecTaH — jIBe CTPYKTYPpHbIe CTy- EF Nun gu-dae= 
SHH MepBoro MopslKa. 16 SS OD] 
Jjanee Kk tory, yxe Ha mpodune //—I/] poe en seat 
uc. 2), Ha yuacTKe oT c. TymH3Ma pico} rep. Puce. 1. Cxema TexTtonuueckol 30Hadb- 
aKa3aHH, MbI BCTYMaeM B MOJOCY KPYMHbIX  HOCTH WenTpabHOH uacTH Cranue- 
POCTHIX CKAJOK, CIOMKeHHEIX Mpeumymect- Br Aarecraua. J — gona duexcyp, 
2 —s30Ha KopoOuaTbIxX CKIaqoK, 3 — 
SHHO MeCYaHHKOBBIMH MayKaMH aa@JICHCKUX HW gona cummerpuunbIX  KHWeBHAHEX 
-PXHETOAPCKHX OTJIOMKEHHH, OOMLAA MOIMW- cxnanox, 4 — 30Ha COKHO UNTeH- 
OCTb KOTOPEIX COCTAaBJIAeT MpHMepHo 4— ae SLM aaah elope 
,o KM. HeoOxoqHMO OTMeTHTb, UTO 3epKaJIO Pe mans Poe ee cae. 
KMaN4aTOCTH STOO yuacTKa OOpasyeT NOYTH “Kunyrpx cKNAIOK OKHOTO CKAONA 
OPH3OHTAJIbHyIO TOBepXHOCTb. CxkuJaqKu 
MeIOT IIMpHHY TpHMepHO OKOJIO 5 KM, H 
iA AHTHKIMHAaNeH XapakTepHa KOpoOOuatad (OpMa — KfYyTbIe€ KPbIIbA C pes- 
MMU feperHOaMH K IWIOCKHM, Cj1a600 HaKJIOHCHHBIM CBOaM. Kpblibal CKa- 
OK OU€Hb YAaCTO OCJIOXKHEHHI (bekcypamu. B Mectax pe3sKHX MepernOos OT Kpbiia 
CBOLY CKaOK, KaK MpaBusi0, pasBHBalOTCA Pa3spbIBb! THMa HaZBHTOB HW B3Opo- 
OB, Yallle BCero ObICTpO racHyulHe BBepX M BHH3 MO Nayenuio. Takue paspbiBbl 
CUIOMKHAIOT C OGEHX CTOPOH CBO], AHTHKJIHHAIN B patoue c. KyHaax; B KkpymHOn 
HTHKJIMHAJIbHOM CKsayqKe K CeBepy OT NepeBaa JlaKasanu Meperu6 OT cBoma 
IOXKHOMY KPbIJIy OCJIOXKHEH CPaBHUTeJIbHO MOJIOrHM HaJBHTOM; B 2 KM K Iory 
T NepeceyeHua mpodpusem p. Kasukymyxckoe Kolicy mpoxoguHT B36poc m0 
philly anTukMHanu. K cepepy of sTorO B36poca B CHHKJIMHAaIbHOM Mmporube 
OpOJbI CMATHI B CepHIO MEJIKUX J.MCrapMOHHYHEIX CKagOK. Ilonoca Takoro mpH- 
a3PbIBHOrO CMATHA 3aHHMaeT MpHMepHO | KM B MOMepeyHOM CeyeHHH. 
| Kpome Toro, B paiione c. XymucmMa MpOXOANT KpyMHbI perMoHabHbIli pas- 
BIB, HMeIOULHH XapakTep cOpoca. Sona STOFO pa3pbIBa, WIMPHHOIO MpHMepHO 
,0 KM, COCTOMT M3 pxJla YaCTHBIX Pa3PbIBOB, MeX%KMy KOTOPbIMH NaykH PiMHH- 
TLIX TOPO CMATHI B MeJIKHe CJIOXKHbIe CKJIaIKH. CepepHoe KPbIJIO TO STOMY 
Opocy OMyULeHO OTHOCHTeJIbHO IOXKHOMO C aMIHTYAOH MpuMepHO 3 KM. Ho B ue- 
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JIOM BCe STH CKaquaTble H PaspbIBHble HaPyWICHHA He CHJIbHO OCIOKHALOT 06 
uLyIO _KapTHHy MpocTsixX CKMaqOK 9TOrO yyacTKa Mpopusa. 

Jlanbme K ory, oT nep. Jlakasanu mpuMepHo fo nep. Punasmymi —c. Ky 
cyp, Mpodusmb mepecekaeT CJlefylolly!o CTpyKTypHylo 30Hy. Sfecb pa3BHTBI 
Goulee JpeBHHe OTMOXKeHHA — CpeAHHH HW 4YaCTb HMAKHEFO TOapa, B paspese KO 
TOPbIX YBCJIMYMBaeTCH KOJIMYCCTBO PIMHHCTHIX Canes. IIpu Tom xe runcoment} 
PH4eCKOM ypoBHe pesbeda, YTO H B MpefbIqyujeM yu4acTKe, Mbl Nonayaem H4 
Goyiee BLICOKO NOAHATYIO CTPYKTYPHylo CTyMeHb. XapakTep CKMaqyaTOcTH 37ecH 


WER eS 


SSSSS 


Puc. 2. Mpoduau vepes wexTpambHyto yacTb Cnanuesoro JJarecrana. / — J] — npousb BAOUIb 
p. Kapa-Kolicy, /J — /] — npodpunb no aMHHuu c. Tytu3ma — Jungu-nar. 


CYLeCTBEHHO MeHsAeTCA. KopoOuatble POpMbI HcyesaioT, HW WIA STOTO yuacTKa Xa- 
pakTepHbI y3kHe (2—3 KM B NoNepedHOM CeyeHHH) CHMMeTPHUHbIe CKaIKH. 
OueHb YaCTO CHHKJIMHAJIM HMEIOT KHJIEBHHbIe 3aMKH. B OTseJIbHbIX MeCTAX He 
KPbIWIbAX Pa3BUBaeTCA MeJIKaH AMCrapMOHH4HaA CKaquaTOCTb, OObIYHO B 60- 
Jiee PIMHUCTEIX maukax. Muorga TakaAd CkaquaTOCTb puypoyena K paspbi- 
BaM — COpoc B 2 KM K ceBepy oT Hep. [uaamyul. 
K tory ot c. Kycyp Ha MOBepXHOCTb BbIXOAAT CaMble J peBHHe U3 OOHAKAal0- 
muxca Ha Boctoynom Kapkase OTO%KeHHH — HWKHAA 4aCTb TOapa HM CpeqHHH 
Jieliac, HMeIOW{He MOULHOCTb He MeHee 2,5—3 KM, IIpeACTaBJIeCHHble FlaBHbIM OO- 
pa30M TJIMHHCTBIMH ClaHWaMH. OTOT yyacTOK COOTBeETCTByeT APY MeraHTHKJIH- 
HOPHA, H 3eCb NOpOsb NOLBeprsuch HaHMOoee HHTeEHCHBHOH AepopMaun. Oxy} 
CMATbI B M@JIKHe, HHOFa H30KJIMHaIbHbIe CKJIaqKH C OYeHb KPYyTbIMH yrwiaMu 
MaeHHA KPblJIbeB (IpeHMyulecTBeHHO 60—80°). B STO 30He CHJIbHO pa3BUTHI 
M@JIKHe Pa3PbIBHbIc HapyWIeHHA, Yallle BCerO HMeIOMMe XapakTep CPbIBOB BAOJIb 
HalllaCTOBaHHA, K KOTOPbIM IIpHypPOUeHbI 3OHBI OKBapIWeBaHHA UM OKeJIe3He- 
Hua. TlopcemecTHo HaOvlofaioTcd yuacTKM pa3aBJIMBaHHA HM NepeTHpaHusl 
mopox. CHJIbHbI MeTaMOp*H3M TJIMHMCTHIX TOJIU, H HHTCHCHBHBIM KJIMBaxK, 
XapaKTepHble JIA STO 3OHbI, MPMBOAAT K TOMY, YTO HepeAKO ObIBaeT TPyAHO} 
yCTaHOBHTb HallmacToBanue. B wesom CTpykKTypa NpeycrapsseT coOol CHJIbHO 
OCJIOKHEHHOe APO KPpyMHOH aHTHKIMHamH. TOxwHOe KpbIIO STOH CKIaqKH| 
pa30pBaHO UH OMNyeHO NO KpyNHOMY pa3pbIBy, H 3eCb C MOpOsaMu cpeqHero 
jeiaca KOHTAKTHPYIOT aasIeHCKHe WIM BepXHeTOaPCKHe OTJOKeHHA. 
YuacTok mpopua K tory OT 3TOFO pa3spEIBa H TO BOROpassebHOM 4wacTH 
[aapHoro xpeOra, WIMpuHo 6 KM, MpescTaBaeT COGol CTpyKTypHyto CTYIIeHb, 
CeBepHbIM Kpali KOTOPpOH OMyuleH 10 KpyTOMY pa3PpbIBY, B TO BPeMA KaK 1O2KHBIM| 
HaBUHYT Ha 10F H MIpHMOAHAT OTHOCHTeJIbHO IOXKHOFO CKIOHA. OTIOMKEHUA BEpX- 
Hero Jleliaca CMATEI B KPYMHYlO CHHKIMHAIbHYIO CKsaNKy, 3allO/HAIOULyI0) 
BeCb STOT OFpaHHYCHHbI pa3JIOMaMH OOK. CHHKJIMHAaJIb OCIOXKHEHA MEJIKOH JLMC-| 
TapMOHHYHOH CKsaquaTOCTbIO, HavOosee CHJIbHO pa3BHTOH B 3aMKe CKJIaIKH. | 
Snecb OOpasyeTCA PAN OCTPhIX KHMEBMAHHIX MOUTH U3OK/IMHAJIbHbIX AHTHKJM-| 
HaJIbHbIX rpeOeWIKOB, OMPOKHMHYTHIX K CeBepy. Kpome Toro, B AByX MeCcTaX CHH- 
KIHHaIb pasOuTa KPYIHEIMH Pa3pbIBaMM, HMeIOULHMHM MOUTH BePpTHKAJIbHOe 
MaeHhe. ITH paspbIBbI COCTOAT H3 OOMbINOTO KOMMYECTBA MEJIKHX YACTHBIX pa3- 
PHIBYHKOB, OOBCHHEHHHIX B 30HbI, JO 300 M WIHpHHO!O, C CH/IbHbIM MepeTupa-| 
HHeM HM JpoOjenHem nopon. Kpsiiba KpyNHOH CHHKJMHAIH JepopMHpoOBaHEl | 
OTHOCHTeJIbHO C1a60, H TAM BUAHbI yuaCTKM MOMOroro 3aeraHuA MacToB. IOx- 
HOC, HaJBHHYTOe a 1OF KPbIIO HMeeT HeMOcpeCTBeHHO Hay CaMbIM HaJBHLOM, | 
Ha yuacTKe WIMpHHOlO BKpecT npocTupanua 1—1,5 KM, O¥eHb Nosoroe sanera-| 
He (10—20°). Tlonoro magatomnit K ceBepy Ha_BH ABJIAeTCH, 10-BHHMOMY, | 
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PYNHbIM PerHOHAJIbHbIM Pa3PbIBOM, KOTOPHIH Opin OTMeyeH H. H. Poctosue- 
bIM BOCTOUHee H Ha3BaH HM [yaBHbiIM KaBKa3cKMM HaBHroM. 

Tloq HayBHHYTbIM KPbIJIOM, y2Ke Ha 1O%KHOM CKJIOHe, aasIeHCKHe OTMOKeHHA 
MATHI B CEPHi0 CHJIbHO CX ATHIX H3OKJIMHAIbHBIX CKIAOK, OMPOKHHYTHIX K Ory, 
TO ABJIACTCA BOOOULE XAPpaKTePHbIM JIA CKNayaTOCTH 102%KHOFO CKIOHA. 

Takum oOOpa30M, N10 XapakTepy CKJalqyaTOCTH HM MHTeHCHBHOCTH JectbopMa- 
HH B paCCMOTPeHHOM MepeceyeHHH BBIesmeTCA (c CeBepa Ha 10r) HECKOJIbKO 
TPYKTYPHbIX 30H, KaKad H3 KOTOPbIX 3aHHMaeT ONpeeseHHyIO CTPyKTyp- 
yo Teppacy WM cTyMeHb BToporo MopsyKa: 1) 30Ha dmexcyp, 2) 30Ha 
opoOuaTHIxX CKIaqOK, 3) 30Ha CHMMeTPHUHbIX KMICBHAHbIX CKaqoK, 4) 30Ha 
AO%KHOM MHTCHCMBHOM H3OKJIHMHaAIbHOH CKamquaTOCTH, 5) 30Ha CHMMeTPHUHBIX 
KNaqOK BepXHero Jieliaca, 6) 30Ha H380KJIMHAaJIbHbIX OMPOKHHYTHIX CKIAaOK 
WKHOFO CKJIOHA. 

B TOK Ke MOCIeFOBAaTeMbHOCTH STH Ke CTPYKTYPHbIe 30HbI BLINeMAIOTCH 
110 Jipyrum MepeceyeHuam Cyanuesoro Jiarectana. Ilupuua 30H H OTJeubHBIe 
eTaJIM CTPYKTYPp H3MCHAIOTCA MO MpocTupaHHlo, HO B WesOM MmOopdomorua 

KlaqoK WH XapakTep MePOpMauu BbIJep2KUMBaIOTCH OYEHb YeTKO, H STH 3OHBI 
OryT ObITb NpocseKeHbI Ha OOJbINHe paccTOAHHA. 

Herpy4HO 3aMeTHTb OlpeyevIeHHy!O 3aKOHOMePHOCTb B MOCJeAOBaTebHOK 
MeHe BbIJeJIeHHEIX 30H. Ilo mepe nposBuxKeHHA OT Mepudbepuu K OCeBOH 4acTH 
@raHTHKIMHOpHA WHTeCHCMBHOCTbh CKJIaquaTbIX etbopMallulH BO3pacTaeT OT 
MOKOHHBIX HW CaObIX B 30HE (IeKCYP NO OYeHb CHAbHO AUCMOWMMPOBAaHHOH Oce- 
OM 30HbI. B TOM Ke HallpaBJIeHHH IipH Mepexosge OT OAHOM 30HbI K Apyrow MbI 
HMM, 4YTO Ha NOBEPXHOCTh BbIXOAAT Bce Soee HU Ooee A peBHHe OTJIOMKeHHA, 
puueM eC/IM JBuraTbcA M10 OAHOMY CTpaTHrpaduyecKOMy TOpH30HTy, KaxK- 
bId pa3 MbI TolafaeM Ha Oowlee BbICOKHH YTHMCOMeTpHueCKMM yPpOBeHb. 
'CTaHaBJIMBaeTCA, TO Kaka CTPyKTYpHas 30HA COOTBeTCTBYeT CTPYyK- 
ypHoH cTyMeHH BTOporo HOpAyKa MO OTHOWIeHHIO K MeraHTHKJIMHOpHto 
| 1eJIOM. 

Tlepexoy oT OfHOM CTpyKTypHOH cTyMeHH K Jpyrow MOxeT UMeTb pa3JHy- 
[bI XapakTep: HHOFa 93Ta rpaHuila MpOXOAUT NO paspHIBaM (CTyMeHH K IOry OT 
pa MeraHTHKJIMHOpHA), MHOrAa couIeHeHHe CTyMeHeH OCyllecTBIAeTCA M0 
wlekcype (CTyNMeHH K CeBepy OT WeHTPasIbHOM 4YaCTH MeraHTHKJIMHOpHsA). 

AMIJIMTY2a NOLHATHA BO3pacTaeT oT 4—5 KM B 30He cbeKcyp 20 7—8 KM 
OCeBOM YACTH MeraHTHKJIMHOpPHA. 

HaOmopfatoulaica 30HaIbHOCTb CKJaquaTOCTH B TOPH30HTAIbHOM Halipas- 
leHHH, BKPeCT MpOCTHpaHuA CKsaqyaTOH OONAaCTH, CBUeTeLCTBYeT O 30HAJIb- 
OCTH BePTHKAJIbHOH. OTY BePTHKAJIbHYIO 30HAJIbHOCTb MOXKHO T1peCTaBHTb 
e6e KaK APYCHOCTh HH 9TAKHOCTh JePoOpMallu, Mp KOTOPOH KaxK_aA U3 - 
IMeMCHHBIX CTPYKTYPHbIX CTyleHeH COOTBeTCTByeT ONpeseseHHOMy sApycy 
wi aTaxy. IIpH stom campli rmyOoKult 9TaK (OCeBaA YaCTb MeraHTHKJIMHOpPHA) 
OHaKaeTCA Ha CAMOM BbICOKOMIHIICOMeTpHyeCKOM ypOBHe HM OOHapyxHBaeT 
Jieqbl HaMOOIee MHTCHCHBHBIX Jedopmauni. [lepexoqa cHu3y BBepX, OT OAHOFO 
Taka K JpyroOMy, MbI BHMM, 4TO HHTeCHCHBHOCTb Je*popMallHH MOcTemeHHO 
ma6eeT. Takada BepTHKaIbHad 30HAIbHOCTh CKJaquaTOCTH OTMeualacb elle 
A. M. Terstesbim Ip perHoHasbHOM paCCMOTPeHHH KPYMHbIX CTPyYKTYPHBIX e]H- 
mi (*). Kak BHHO, 9TO OKA3bIBaeTCA CIPaBeNJIHBLIM HU JIA Ooee y3KUX 30H, 
‘akOH ABJIACTCA BHYTPeCHHAA OOMAaCTbh pasBHTHA NOJHOH CKsaqyaTOCTH 10ro- 
ocTtouHoro Kaspka3a — Cuanuesnii Jlarecran. 


Tloctynuso 
31 V 1960 
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Jloxxann Akagemun nayxk CCCP 
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MET POrPA®HA 


B. H. TEPACMMOBCKHii, A. %. MOJIAKOB u §. M. ®EMPHH 


CTPOEHWVE AH®O®EPEHUHPOBAHHOrO KOMIMJIEKCA MOPOA 
JIYABPHTOB — ®COHANTOB— YPTHTOB JIOBO3EPCKOFO MACCHBA 


(ITpedcmaeaeno akademuxom A. II. Buxvepadoeum 19 VIII 1960) 


Jlopo3epckHii IesOouHOH MaccuB (KOJIbCKHH MOJIyOCTpOB) CO*KeH HepesH- 
HOBbIMH CHeHHTaMH, CSOPMHPOBaBLIHMHCA B HECKOJIBKO MHTPy3HBHbIX (pa3. 
Ilnomayb ero oxoio 650 km?, MaccuB B OCHOBHOM COCTOHT M3 Nopoy BTopoli 
HHTpY3HBHOH (pa3sbl — JIyYABPHTOB, (OHMAHTOB HM YpTHTOB, KOTOpble 3aHHMAaIOT | 
He MeHee 80% oGbema MaCCHBAa. OTH NOPOAbI Carat NacTOOOpasnylo 3aexKb 
MOLHOCTbIO WO 1,5 KM, BKJIOUAIOULYIO KCCHOJIMTbI BMeULaIOlHX MOpOM HW} He- | 
(beIMHOBbIX CHCHHTOB TepBOH MHTPy3HBHOHM (a3sbl UH, B CBOIO OUepelb, MpPOpbi- 
BalOTCA H MepeKPbIBalOTCA SBAMAJIHTOBbIMH JIYABPHTaMH TpeTbe HHTpy3HBHOH 
dbasnr. TlocnenHue oOpa3yloT BepXHIOIO YaCTb MACCHBA TaK2Ke B BHJE MVAactTo- | 
oOpasHok 3aJlexKH MOLWLHOCTHIO WO 450 M. 

XapakTepHOH OCOOeHHOCTbIO NOpOA BTOPOH HHTpy3HBHOH a3bl ABJIAeTCA 
HX PaCCJIOCHHOCTh, BbIPa3HBWaACA B YepeOBaHHH NO BepTHKAJIM JIYABPHTOB,. 
tboHaAvTOB, YPpTHTOB B (OpMe MaCTOB HH MpocceB (HasbIBaeMbIX HepeKO 
rOpH3OHTaMH), Pa3JIMYHOH MOM[HOCTH, OT HeCKOJIbKHX C@HTHMeTpOB JO He- 
CKOJIBKHX J€@CATKOB METPOB H Ooviee, COrMaCHO 3aseralOWlHX HU OObINHO XOPOLIO 
BbIJepXaHHbIX Ha BCeH MWOWaW MACCHBa KaK MIO MpOCTHpaHHWo, Tak H MayeHH0 | 
B OOJIBLIHHCTBe CJlyyaeB CaOO HaKJIOHCHHIX K WeHTPy MacCHBa NOX HeOOIb- | 
wwuy yruaMH. Ilostomy B pa3IHUHbIX yuacTKaX MaCCHBa HaOsO_aloTCA aHa- 
AOTHUHbIe Pa3pe3bl, B KOTOPbIX MOCJICQOBAaTeJIbHOCTbh YepeAOBaHHA NOpoy Ofna 
H Ta xe. M3mMeHAeTCA HHOra TOKO HX MOM[HOCTb H H€3HAUHTEJIbHO 3asieraHne. 

Ilo reonorMyecKOMy CTPOCHHIO KOMMIeKc NOpox BTOpOi MHTpy3HBHOH da3bl 
MOXKHO 10 BEPTHKAJIM NOLpasfeJIHTb Ha TPH 30HbI: BEpXHIOIO, CpeHIOIO WH HHK- 
mo10. Jia BepXHeH S3OHbI KOMMJIeKCa XapakTepHa cCyleqylollad CMeHa Nopog 
(cBepxXy BHH3): JyABpuT — doliauT — ypTHT, CHOBa AyABpUuT — touAuT — 
YPTHT HM T. l.; MHOra BMECTO TPeX4JICHHBIX NaveK MOABJAIOTCA BY X4JICHHBIe: 
AyABpuT — dosnt. Cpequ syABpHTOB HaHOoNee pacnpocTpaHeHbl STHpPHHO- 
Bbl€ Pa3HOCTH H pexe am@uOouosble. B sToH 30He NpecbsaaroT PouAUTHI. 

B cpeqHeli 30He KOMMJIeKCa paCCJIOCHHOCTb BbIPaxKeHa MeHEe YeTKO, B HeH 
HavOobluee PaCMpOCTpaHeHHe MMeIOT SFHPHHOBHIe JIYABPHThI, OOpasylouve ye- 
peyloulHecA MpocyiOH (TOpH3OHTHI) JIeHKO-, Me30- H MeslIaHOKpaTOBorO OOIHKa, 
HHOPla MepecauBarolivecA C MAJIOMOLHbIMH TIPpOCJIOAMH (OMAHTOB HU pexKe 
YPTHTOB. 

Hmxknas 30Ha H3yyeHa B HacTOMee BpemMaA Ha rayOnHy cBbute 500 m, 
MpHuem HanOoylee HH3KHe€ TOPH3OHTEI BCKPBITb! TOMbKO OypOBbIMH CKBaxKH- 
Hamu. Ona cnoxKeHa JBYXYJeHHBIMH NaukaMk Nopog: sysspuT — ouanr, 
HHOra POHAUT — yPTHT; pexke TPeXuIeHHBIMH: JYABPUT — olinuT — ypTHT. 
{8 STOW 3OHbI XapaKTepHbI MOJeBOWINATOBbIe YPTUTbI, a cpequ cbousAHTOB. 
BCTpeyaloTCH COMaIHTOBbIe H AaHaJIbILMMOBbIe pa3HOCTH. OrHPHHOBbIe JIYABPUTbI 


BHH3 10 paspesy CMeHAIOTCA SrHPHHO-aM@HOOMOBLIMH H aM@HOOOBbIMH JIyAB- 
puTaMH. Oh Laie a 


ea 


B crpaturpaduyeckoM pa3spese BBIesAIOTCA Xap akTepHBe | ‘TIpocioH no- 
pod, KOTOPble ABJIAIOTCA MAPKHPYIOULHMH. OHM MO3BOIAIOT COMOCTAaBIATL H 
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Ta6Oauna.1 


Paspes MOpof BTOpOH HHTpysHBHOH dasbI KOMMVeKca AyABpu10B — dotinutToB — 


YPTHTOB Ha 3amaqHoM CKJIOHe JloposepcKoro Maccusa (Fr. Ilapryaiis). 


Onucanve pa3pesa cpepxy BHH3 


Tlopogpi Mouy- 


HOCTb,M 


BepxHAA 4acTh 


JlyaBpuT Me30- H MeJIaHo- 


KpaToBulit 10 
Monsut 50 
Yptut a 
JlyAtBpHT Me30KpaTOBbIit 18 
DoauT TpaxuTOH HHI 4,9 
JlyaBpHT Me30- 4 MeJaHO- 

KPaTOBbIit 
Movant 24 
YpTuT 4 IOBHT 22 
JlyABpuT Meso- H eHKOKpa-| 1,5 

TOBbIL 8 
Donaur 13 
YpTuT u 1OBUT Pets) 
JlyaBpHT Me3sOKpaTOBLIH 16 

Cpequa 

JIyABHT Me30KpaTOBbIii 7 
Jlyappur ampu6ouoBnilii 4 
®MoliaAuT 6,5 
JlyABPpHT Me30KpaTOBBIli 6 
JlyaBpuT ampu6on0Bblt 4 
MouauT TpaxvTOvAHbIh 4,9 
JlyaBpuT Me30KpaTOBbIit 8 
Jlysppur amduOouoBplit 5 
JlyaBpuT seuKoKpatTospiit 2 
JlyaBpuT Me3OKpaTOBEIi ~ 8 
MouAut eee we | 4,5 
JIYABPHT Me30-_H MeJIaHO- 

KpaTOBBIi 30 
onan 12 
JlyaBpuT Me30KpaTOBHIit 40 
JIyABpuT seHKOKpaTOBbIit 8 


JlyaBpuT Me30- H MewaHo- 
KpaTOBbIit 158 
JlyABpuT Me30- H MesaHO- 
KpaTOBbI C JIMH3aMu 
COMaMTOBEIX (onauToB| 43 
JIYABpHT MeHKOKpaToBHIH | 6,5 
JlyaBpurT mesokpatospia {11,5 
JlyaBpuT meuKoKpaToBbiit 5 
JlyaBpuT Me3oKpaioBBIi 13 
@MovauT TpaxvTOMAHbIi 6,5 


NoNo = 
1.1. ay wages oe M 
13 | WousuT TpaxuTou THEI 26 
14 | JlyappuT me3okpatTosnlii, | 9,5 
15 | Dottaur 10 
16 | Jlyaspur ampu6onoBnlit 2 
17 | Do#aut 10 
18 | Jlyaspur amu6ouosniit viae 
19 | Dotaur 14 
20 | Jlyasput amuOonoppiit io 
21 | DohauT 7 5) 
22 | YpTuT W 10BHT 2,9 
23 | ManHHbut 

24 | DoauT OR 
25 | Yptur Ww unonuT—ypTuT| 34 
26 | Tlermatur 12 


A YacTb 
49 | JlyaBpur me30- u MesaHo- 

KpaTOBbIi iG 
00 | Colaut 8 
o1 | JlyaBpuT me3soKpaTosnlit 13 
52 | DolauT TpaxuTON AH TD 
03 | JIYABpHT Me30KpaTOBHIti AY 
04 | DolauT TpaxuTOUAHEIit 8 
50 | JlyaBpuT 2rupvH-amdu6o- 

JIOBbIit Bia, 
56 | Doltsaur 985 
o7 | Jlyappur 2rapHH-amdu6o- 

NOBBIM 14 
58 | DotauT 5 
o9 | Yprur 2 
60 | JlyaspuT ampu6onoserii 1 
61 | Cofaut by) 
62 | YpTuT u 1OBMT c anaTu- 

TOM 4 
63 | JlyaBpuT sefikoKpatosnimi | 0,1 
64 | Yprur u topuT c anaTu- 

10M OFS 
65 | Jlysspur me3okpatoBhli {13,2 
66 | OofsauT 5 
67 | JIlyaspuT mMe30KpaTOBblit 45 
68 | Doliaut ) 
69 | JlyaBpuT MemaHoKpaToBEIi| 56 


HuxHAA YaCcTb 


@ousaur 44 
YpTuT wu usomMT — ypTuT| 9,5 
Mousaut LAS 
JlyABpuT Me30- H MewaHO- 
KpaTOBbIif one) 
JlysppuT menKoKpaToBblit 7 
Mouaur Ae 
lOsur 2,9 
Monaut Gel, 
Jlyspput aelKkokpaToBbii | 2,3 
lOsut 1,6 


80 | Pokaut 1,6 
81 | JlyaBpuT MesoKpaToBLH | 5,8 
82 | Dolaur 4,7 
83 | YpruT uw 10BHT 3 
84 | Jlyaspur MemaHOKpaToBbii] 4,5 
85 | DoliauT 8 
86 | JlyaspuT MemaHOKpaToBbIi| 95 
87 | Donaut 6,5 
88 | JlyaBpuT MesoKpaToBHi | 0,3 
89 | Yprur 0,2 
90 | DolauT 2 


704 


. 
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(IIpofommenne) 


- oO - 
M M 
91 | Yprur u roBuT 2,5 ||136 | ®onsaur 3,8 
92 | JlyaBpuT me3soKpaToBEIit 10 137] Yprur 0,4 
93 | MoauT 5,0 4138 | Jlyasput ambu6on-arupu- 
94 | Jlyappur JleHkoKkpaToBL | 5,0 HOBBIH 8,4 
95 | ohaut 4 1139 | Dolisur 5) 
96 | JlyaspuT meiKokpatToBblh | 5,5 |140| Jlyssput 2rupnu-amdu6o- 
97 | DonauT 4 JIOBBIM 3,6 
98 | Jilyapput Mes0KpaToBhl 1,5 |141 | Potsaur 6,3: 
99 | ®otiant 2,9 ||142| Jlyasput srupun-amdn6o- 
{00 | Yprur 0,41 JIOBLIH 5,0 
101 | Jlyaspur MemaHoKpaTopBbiii 4 |143|@olfisnt HopMaibHBh 
102 | Ootsaur 2 TPaxHTOH Hb Oy 
103 | Yptur 0,3 144] Jlysspur amcdudonoBnk 1,4 
104 | Oofaut 2 |145| Molaur cofanvrToBEl 23 
105 | JIlyaspuT ampu6o70Bpn 1,5 4146 | Yprur Ae 
406 | Dottaut 4 1147 | Dotaut 0,5: 
{07 | Ocpinb 4 148] Yprur Ona 
108 | Jlyssput amdu6on-srupu- 149 | DoliautT cofzannToBLh 22 
HOBBIA 5 | 4150 | fOsur 3 
409 | Dotaur 3 1/151 | Dohaut 0,6 
110 | Ocpinb 4 1/152) Jlysspur amu6o.1-srupn- 
4411 | Jlyasputr amu6on-srupn- HOBBIM 17 
HOBEIM 1,5 {153 | Oonaur 4,4 
412 | Oofaut 3 1154} Yprur 0,15 
413 | Jlyaspur amu6ou-srupu- 155 | JlyaBpHT meukoKpaToBhl | 0,6 
HOBBIM 2 156} ®ofaut TpaxuTousHEIi BRS 
414 | Dotsaur 4 \157) Jlyappur aga 
415 | YpruT u roBur 4 1158 | Donsant 6,1 
116 | Jlyaspur amcu6on-srupu- 159 | (Opurt 0,3 
HOBbIH 1 ||160|Jlyaspur amdu6oan-srupu- 
417 | fOpur 259 HOBbIM 2S 
418 | Ootsaur 3 ||161 | Dotaut PAs 
119 | Jlyaspur am@u6on-srupu- 162 | Jlyanpur ampu6ou0Bnii 3,5 
HOBbIL 4,5 |163 | Ootsut 2N5 
120 | Ootisaur 3,9 |164| JilyasputT srupnn-ampu6o- 
121 | JlyapputT MenanHokpatosbih | 2,5 JIOBbIfi 0,9 
422 | Motsaut 5,09 {165 | Oofaur TpaxurougzuEli Baul 
123 | Jlyasput ampu6onosprit 4 |166 | Jlyaspur ampu6onoppit Bos 
124 | Doisut 4 167 | ®otsut Phe 
125 | FOsur 3 || 168 | Jlyaspur amdbn6on-srupu- 
126 | Dotsaut 4 HOBbIM Leal 
427 | }Osut 2,5 169] ®otsaur 6,6 
128 | Soliaur 1,5 ||170| Jlyaspur amcu6on-srupn- 
429 | JIyasput amdv6ou0ppi 7 HOBBIi 3,8 
430 | oksaut 7 |\171| Montsant tpaxutonzHbEii 4 
431 | JlyaspuT ambu6onosniii 5 |472| Jlyaspur srupuu-ampu6o- 
132 | Mofaur 4,7 ' JIOBBIM jaetcae | 357 
133 | Jlyasput amdbu6on0Bpit 5,5 473 | Mofisur tTpaxuTougzuph | 3,4 
434 | Doliaut 13,3 ||174|Jlysaspur srupun-amdu6o- 
135 | Jlyasput amobu6ou-srupu- JOBLIE iii 4,4 
HOBBIIi 2,2 . 


~ 


YBASbIBATh Pa3pe3bl B Ppa3JIMGHbIX YaCTAX MaccuHBa. K TakKHM rOpH3O0HTaM OTHOCAT- 
CA: MA@JIHHbuT, HEKOTOPble MpOCJIOH ypTHTOB H aM@HOOJIOBLIX JIYABPHTOB. 

Mexyjly OTJeJIbHEIMH IlacTaMH MOpOk BTOPpOH MHTpy3HBHOH (cbasbl Habmt0- 
AaOTCH MOCTeMeHHbIe NepeXOAbl OT JIYABPHTa K (OWAKTY HM OT NocweqHero ue- 
pe3 IOBHT K ypTuTy. Menee yeTKO 3TH NepexOsbl BLIP axKeHb! (A HePpeKO OHH Mak- 
pOCkOMmMyeCKH HM He HaO/OMaIOTCA) OT ypTHTA K HWKEeKaNLeMy B paspese sy- 
aBpuTy. Mnorza NO NpocTHpaHHiO WIM NafeHHIo HaOwOAalOTCA MocTeneHHBIe 
Mepexofbl SPMpHHOBOTO JIyABPHTa B am@uOoNOBbI, TpaxuTOHAHOTO doliauTa 
B JieHKOKPaTOBbIii JyABpHT M ypTuTa B loBHT. Ilo Mepe npHOnMxKeHUA NOpoR 
BTOPOrO KOMIIJleKCa K KOHTAKTy C BMeIalOWLMMH HX MOpOAaMu rpaHHUbl Mex Ty 
OTJCJIbHBIMH IlaCTaMu (TOPH3OHTAaMH) KOMIVJIeKCa: JIyABPHTaMu, (pouANTaMu, yp- 
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TAMH IOCTeMeHHO CTHPaloTca, H OHH NepeXOAT B MerMaTOHAHOrO OOHKA Me3O- 
paTOBbI HedbeIHHOBbIM CHCHHT 30HbI SHAOKOHTAKTAa. B 30He KOHTAKTa Ha 3a- 
AJJHOM CKJIOHe MaCCHBa HMeIOT WIHpOKOe pacClpocTpaHeHHe NOposbl NepBor 
HTPy3HBHOH (ba3bl He TOJIbKO B BHJe KCCHOJIHTOB, a TaK2xKe MW B MepBHYHOM HX 
ayler aHHH. 

Jia XapakTepHCTHKH CTpaTurpaduH KOMIVIeKCa HOpO BTOPOH MHTpPy3HB- 
ol a3bl NpHBOANTCA OlMCaHHe paspesa (cm. TaOu. 1), cocTaBseHHOrO M10 3a- 
ayHomy ckony (r. Ilapryaiis), rae™ 
TH NOpOsbI HaHOosIee MOJIHO BCKPBI- oa 
BI 9posHei. [Ip omMcaHuH paspe3sa “pacnpegenenue nopon (B mpouentax) Bropofi 
YTeHbI WH JaHHbIe, NOJLYYeHHbIe B HHTpy3HBHOK asp 0 30Ham (r. Ilapryaie) 


Ta6Oauua 2 


e3ybTate, Oypenus: JloBosepcKor = 
KChequuuei Munuctepctsa reouo- B . we ze 
ey bet it Eo 

MM UH OxpanHb! Hemp CCCP. B tao. Ha | Ha | ga | She 

IIpHBeseHO pacipoctpaHeHue 10- as | o8 | tS | mes 

OJ BTOpOH HHTPy3HBHOH da3bi 10 

OHaM Ha MaTepHasie, MOJyYeHHOM — Jlyaxputer 26,5 | 86,0 | 345°] 5455 
PH u3yyeHHU paspe3a Ha 3anaqHOM PorisnTo 65,0 | 13,5 | 61,5 | 44 

¥ pTHTBI SF Ou Oe DM Nel Omnia 


Kone r. Ilapryai. 

CiOxKHOCTh CTPOeHHA WuddepeH- 
MpPOBaHHOrO KOMIVJIeKCa TOpoy BTO- 
OH HHTPy3HBHOH (basbl elle He Halllvia JOUKHOTO OOBACHEHUA. OHH OOBACHAIOT 
OocuaTOe CTPOeHHe KPHCTAaJIH3SaWHOHHON Auppepenunauen in situ, Apyruve— 
OCJIOHHbIM BHEIPeHHeM paciaBOB, TpeTbH — MeTaCOMaTHYECKHM H3MeCHeHHeM 
€PBHYHOCJIONCTOH TOU. Bo3MOxKHO, TaK2Ke HMeJIO MeECTO JIHKBalLHOHHOE pa3- 
eleHHe NepBHYHOOAHOpPOAHOrO paciwaBa. K comayleHHIO, HH OfHa H3 BBIlle- 
TMeYCHHBIX THMOTe3 HE MOMKET OObACHHTh BCeX OCOOEHHOCTEM CTPOCHHA HW CocTa- 
AKOMIVIeEKCa JIYABPHTOB — POHAHTOB — YPTHTOB BTOPOH HHTpy3HBHOH (asbi. 

UeTKO BbIPaxKeHHAA PaCCJIOCHHOCTb (CJIOHCTOCTb) CHJIbHO AudppbepeHunpo- 
@HHOrO KOMIIJIeKCa NOpof BTOpOH HHTPy3HBHOH (ha3bl, MMerOWeH MOLLHOCTb 
o 1500 M, B BepTHKaJIbHOM pa3pe3e KOTOpOrO HacuHTHIBaeTCA Oovsiee 170 naacToB 
rOPH3OHTOB), HaGlOMaeMbIX Ha BCeH MVIOWLaH MaCCHBa, ABIAeTCA OHOH HS 
‘apaKTepHEIX YepT cTpoeHusa JIoBo3sepcKOrO MaCCHBa. 


MowHocTb B M 290 650 520 | 1460 


YWucrutyT reoxuMuv HW aHasIMTHYeCKOH XHMHH Tlocrynuo 
um. B. VM. BepxancKoro 9 VIII 1960 
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Horsayon Akayzemun nayr CCCP 
1961. Tom 136, Ne 3 


OKEAHOJOPHA 
B. A. ALIHOB 


BEPTHKAJIBHOE PACIIPEXEJIEHHE MACCbI 300NJIAHKTOHA 
TPONMYECKON OBJIACTH ATJIAHTHYECKOIO OKEAHA 


(I pedcmaeaeno akademuxom H. H. Illmaaveaysenom 8 VIII 1960) 


Bo BpeMA oceHHero pelica 9kceqMuMOHHOrO cyqHa «Muxaua JIomoHocos», 
aprycte — HosOpe 1959 r., NaHKTOJOrMueCcKHe UCCeOBaHHA B Tponuyeckon 
OacTH ATJaHTHYeCKOrO OKeaHa MPOBOAHIMCh MO CeqyIOuluM paspe3am: 
3opcKue ocrpopa — Hpwdayuameny — Capraccopo mope — ocTpopa 3Seuste- 
oro Mrica — 0. Magetipa. J.ia cOopa naaHKTOHa MIpHMeHAsIacCb HOBaA MOJeJIb 
KOPOCTHOH CeTH, (HMbTPYIOMLWH KOHYC KOTOPOH H3PrOTOBJIAJICA M3 WeKOBOTO 
ata Ne 38. [myOokopoyqHble BepTHKAJIbHbIe JIOBbI WJIaHKTOHA IIPOBOMJIHCb TO 
ceMy Maplupyty. Tak Kak (UTOMMAaHKTOH TpolmMyeckOH OGacTH OkeaHa Obl 
a3BUT Ca60, TO COOpaHHble MaTepHauIbI MO CyuecTBY MIpeyCTaBsAIOT COG6OIO CO0- 
bl TOJIbBKO 300IJI@HKTOHA, 3a HCKJIIOUCHHEM HECKOJIBKUX p06 3 NpHOpexHbIxX 
aWOHOB, B KOTOPbIX OpraHH3Mbl (PHTOMJAHKTOHA COCTABJIANH 3HaYHTebHYIO 
ACTb MACCbI IJIaHKTOHAa; 9TH pooh! B alwbHelwiem OyzyT oTMeyeHbI. Macca 
JJ@HKTOHA Olpeyemaacb OObeMHbIM MeTOJIOM, IOJIYYeHHbI€C BeJIHUMHbI MIpH- 
ABHUBAaJIMCb K BeCOBBIM (°). 

IIpu u3yyeHHH BepTHKaIbHOrO paciipeyeseHHA MACCbI WWIaHKTOHA B HCCIJIe- 
OBAHHbIX HAMM palioHax Tpomuyeckol OOacTH ATIaHTHYeCKOrO OKeaHa ObIVIO 
MpeleseHO, 4YTO riyOoKve COM BOJbI, pacHOJIOKeHHbIe, KaK IIpaBHJIO, HWKe 
JO M B OTKpbITOM OKeaHe H 1000 M — B MpHOperxKHBIX paHoHax, pe3KO OTVIH- 
aIOTCA MO COMepxKalleHcA B HHX MaCCe MJIaHKTOHA OT BbIUIeTe*KAalLUX CJIOeB BO- 
pt. B TO BpeMA KaK B BEPXHHX CJIOAX BOJbI MACCa 3OONJIAHKTOHA H3MepsAeTCA 
O KpaliHeli Mepe JeCATKaMM WIM COTHAMH MHJIJIMTPpaMMOB Ha eHHHLy OObema, 
WoKe OTMCYCHHOH TpaHHUbl OHA He MpeBbiluiaeT 2—7 Mr/M®, a Ha rlyOHHe CBBI- 
ie 2000 M 300NIaHKTOH HaXOJHTCA B elle Oovlee PaspexKeHHOM COCTOAHHH, Kak 
TO BHHO H3 Tabu. |. 

Bex ray6okopofqHad Tponuyeckad OOnacTb ATaHTHYeCKOrO OKeaHa — OT 
30PCKHX OCTPOBOB JO 30HbI KOHBepreHUHH, MpOXosAleH BUONb OeperoB Ce- 
epHoit AMepuku, 4 oT Capraccosa Mops Jo ocTpoBos SeseHoro Mpica u Majel- 
bl — OTHOCHTCA K HCY CaMbIX OeHbIX 3OOMMIAHKTOHOM palHOHOB OKeaHa. 
 IIPOTHBOMOJIOKHOCTL 3TOMY, NOBbILICHHAA MJIOTHOCThb Near HyecKOro HaceJleHHA 
bla OOHapyxena OKoN0 HpwodayHaseHsa B XONOAHbIX BOAax JlabpagopcKoro 
SYeHHA, B OOACTH MaTepHKOBOrO CKIOHa CepepHolt AmMepnky Hu B TeIJIOBO- 
Oli HEPpHTHYeCKO OGAaCTH, serKallleii Mexy Kanapckumu u Semenoro Mpica 
CTpOBaMH UM MOGepexbem AdpuKH; B ITOH TeMMOBOAHON OOnacTH HaOwuOMaOCb 
aCCOBOe Pa3sBUTHE CaJIbII, ATAK?Ke JMATOMOBHIX BOJOPOCJIeH, KOTOpPble Ha HeKO- 
\PhIX CTAHWMAX COCTABIAIH 3HAYHTEJIBHY!O YACTb MACCHI IJIAHKTOHA. p 

Bequbie WiaHKTOHOM OMroTpoduble palionbl ATWaHTHYeCKOrO OKeaHa, K 
OTOPbIM OTHOCHTCA He TOJbKO CapraccoBo Mope, HO M BCH CHCTeMa KPYYrOBbIxX 
s1eHHH, XapakTepH3yIOTCA BeECbMa MAJIbIM COJlep%KaHHeM MIaHKTOHA B rsyOo- 
UX COAX BOLI. B pesybTaTe MOCOHHEIX ONpeseneHHi OObeMa MaHKTOHA, 
pOBeJeHHBIX Ha 27 cTantuax B CapraccoBoM MoOpe H BOJIb CeBepHoro 9KBAaTO- 
MasibHoro H Kauapckoro TeveHHH, Obl NOWYYeHbI Cyleyroulve cpeqHue Be- 
HUMHbI MACCbI 3001JIAHKTOHAa Ha Pa3JIMYHbIX TOPH30HTAaX: B coe 500—1000 m 
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5,4 mr/m® (c KomeOanuamn oT 1,5 go 9,2 mr/M®), B coe 1000—2000 m 1,6 mr/m 
(c KoeGanuamu oT 0,1 yo 4,1 mr/M*), B coe 2000—3000 m 0,8 mr/M? (c Kome6a 
Huan oT 0,3 go 1,2 mr/M’), B cu1oe 3000—4000 m 0,3 mr/m? (c KoneOaHHAMH O 
0,0 go 1,1 mr/m’), B catoe 4000—5000 m 0,1 mr/m®. Ha nexoToppix cTaHuHax, 
pacMOvIOKeHHBIX B 1OKHO yactu Capraccopa mops (20°19’ c. m. 51°20’ 3. 7.) 
vu ioxwKHee O. Mageiipp (31°23’ c. m. 16°48’ 3. 4.), ryOMHHBbIe COM BOB, Had: 
Has c rayOuHpr 3000 mM, oKa: 
3aJIMCb MOUTH COBepIeHHO 6¢3- 
2KH3HEHHBIMH. HecmMoTpa Hé 
GOJILIIYIO MPOTAKeHHOCTH JO 
BOB, PaBHYIO IpHO/HSHTeIbHG 
1 KM, B TogwyyeHHBIxX mpobax 
IJIaHKTOHAa MOXKHO ObIsIO OOHA 
Py2XKHTb IpHCyTCTBHe TOJIbKG 
HeOOJIbIOrO YNCIa SK3eMIVIA- 
PpOB IlIaHKTHYeCKHX OplaHH3 
MOB, IIpH¥eM He HCKsIOUeHE 
Be€POATHOCTh TOFO, YTO OHH OBI- 
JIM MOMMAHBI B BepXHHX CJIOAX 
oO0BNeHHOrO cTON6a BOJBI! 
I]pHaHHbl TAKOH HCKJIIOUHTeJIb 
HOH GeqHOCTH NemaruMyeckorc 
HaCeJI@HHA YTJIYOHHHBIX CJIOeF 
BOJbI B HACTOSee BPeMA ele 
He BIIOJIH€ ACHBI, HO BO BCAKON 
cayaae BpA JIM HeOCTAaTOK 
TIHIeBLIX PpeCypCOB MOXKHC 
CUHTaTb C(MHCTBeEHHOH npn 
HOH STOrO ABJICHHA. 

Mo B OTMe4eHHEIX BbILe SBTPO- 
Puc. 1. BepTakambuyoe pacmpeyesenve Macchi 300M aH- HbIX paiionax ATJaHTHYeCKOre 
KTOHa. YJIbTpaomHroTpopuble palionpt: / —Caprac- OK€aHa MaCCa IJIaHKTOHA BepXxX- 
copo mMope, 2—palion MapvanckoH BMaqHHB; OH- WUX CJIOCB BOJbI, MOLULHOCTbIC 


roTpoduble paiioub: 3 — Toupdcetpum (paspes no 40— 599 M, IpepbiliaeT He MeHee 


43° c. m.), 4 — Kypocno (30°53’ c. m. 153° 09’ B. 2.); 
3BTpoHbie paiionbi: 5 — JlaGpagopcKoe Teuenve,6— EM B5—10 pas komnuecTBC 


pation Kypuso-Kamuatckon BiaqHHbl IlJIaHKTOHA TeX He CJIOEB BOTBI 

B OTKPbITBDIX WaCTAX OKeaHas 

MakcyMaibHad BemHunHa, paBHad 1967 mr/M®, Obla OOHapyxKeHa B CwJIOE 
0—50 m B6ausu ocTpozos 3eneHoro Mpica (B STOH Mpob6e JOMMHUPOBAIH Cab 
TIbl); OObIIHe MACCbI NJIa@HKTOHA ObIIH OOHAPY2KeHbI TAkK2KE B XOJIONHbIX BOAX 
JlaOpagnopckoro TeyeHua (n0 680 mr/m® B coe 0O—50O' mM; MaccoBoe pa3BUTHE 
KaJlaHyCa), Ha CTaHUMAX MaTepHKOBOrO CKIOHAa CeBepHort AMepuKxu (0 600 mr/M® 
B coe O—10 mM; pa3BuTHe TpHxomecMHyMa) HM oKOIO Oeperos AdpuKy 
(qo 1540 mr/m? B cnoe O—5O M; uBeTeHHe HaTOMOBLIMU BOJOPOCJIAMH). | 
Hecmotps Ha TO ¥TO MwaHKTONOrHyecKve UcceOBAaHHA MpoBoyatca B AT 
JIAHTHYeCCKOM OKeaHe CO BTOPOH NMOJOBMHbI MpOWNOrO cTONeTHA, WO cero Bpe: 
Me€HH Mbl paCioOJiaraeM CpaBHUTeJIbHO HeOOJIbINMMH MaTepHanaMu M10 BepTH 
KaJIbHOMY paCIipeyeJIeHHIO MaCCbI 300II@HKTOHa TPONMHYeCKOH OOACTH, B 4aCTs 
HOCTH paloua HallHXx paooT, OT 9kBaTOpa NpHOTH3uTeIbHO oO 40° c. w. B Gos: 
IIMHCTBeE CJIyYaeB STH HCCeOBaHHA MPOBOAMJIMCb B MOBePXHOCTHBIX CJIOAX 
Boypt (*,”). PacmpenemeHve rsty6oKOBOJHOrO MwIaHKTOHa U3y4aIOCh MeTOOM 
MOCJIOHHbIX TOPH3OHTAJIbHEIX JIOBOB (*~°), ONHAKO MOb30BaTbCA 3THMM JAHHbIMH 
JIA Welle CpaBHeEHHA BeCbMa 3aTPYAHHTeIbHO, TAK Kak B 9THX padoTax maccd 
IWIaHKTOHA MepeyHCANaCh Ha CMHUILY JJIMTebHOCTH JIOBOB CeTbIO ONpeyesieH4 
HOrO pa3Mepa. ; 
3a mocieqHve ToxbI MoMpoOubIe uccNeqOBaHHA BepTHKAabHOrO pacmpesese- 
HUA MaCCbI TryOOKOBOAHOPO MWIaHKTOHa MPOBOANIHCh B Pa3sMUHBIX paliona 
Tuxoro oxeana (',°). Ip mpopeqenuu cpaBHeHusa pacnpesenenua MaHKTOHa 
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ATmaHTM4eckoM HM TuxoM oKeaHax POTER YD aT ape CYHIPCTHE HAE, 3a- 
)HOMEPHOCTH. 

OTmMeTHM CHauana, 4TO XapaKTep BepTHKasbHOrO pacnpenenenus MAaCCBI 
OIJIaHKTOHA B O60ux oKeaHax ToxecTBeH. Han6onbliad Macca MiaHkToHa 
\XOJHTCA B BEPXHHX COAX BONbI NPHOMM3UTebHO TO rayOnHE! 500 M, pesKoe 
JleHHe ero KOMMYeCTBa HaOmOZaeTcA B Coe 500—1000 mM, nuxxe 1000 m macca 
ONJIA@HKTOHA B rIyOOKOBOJHBIX paHOHaX OKeaHa BbIPaKaeTCA BECbMa MaJIbIMH 
JMYHHAMH, He TpeBbILAaIOULMMH HECKOJIBKUX MUJIIMrpaMMOB WJM jake Touen 
{JIIMPpaMMa Ha eJMHUILyY OObeMa. 


Ta6aunna 1 


epTHKasibHoe paciipefemeHue MAaCCbI 300MaHKTOHA B pa3JIHUHbIX paloHax TponMyeckou 
o6mactu ATMaHTH¥ecKoro OKeaHa (B MMJIMrpaMMax Ha 1 M®) 


aes So ee eee bie eeu | S24 

A. rayac) (0 64 iS A re 5 Bo 
ea] ene esas | A ge BESS giks | Een MG 
yOuna, M RES oo An He, owe Oo Bo ES Go es) 220 
2eeq | S88 | Eset | BEER | SER | aot | Boa | 288 
C82: | S25 | 284m | S688 | Sosa | Skee | Ges | See 
0—50 74,5 4 562.0 | 199,0 | 54,9 64,7 89,6 | 1115,0 | 78,6 
50-100 | 42,3 | 270.0 94,0 | 35,9 59,9 | 80,7 214.0 | 55,0 
100-200 | 26,2 | 240,0 5,1 1) 12808 32,4 30,6 94,7 | 27,0 
200—500 | 25,4 61,0 30,8 | 14,4 10,2 15,9 59,9 | 15.6 
500—1000| 15,7 es 19,0 6,0 4A 5,4 27,2 | 6,5 
00—2000) 5,0 = 7,8 2,8 1,2 1,6 a 2.4 
j00-=3000)  — Se as 2.4 0,6 1,0 = 0.8 
004000, — = s = 0,3 0,3 és 0,2 
000—5000}  — au as 2 0,4 st = 26 


BTopad 3aKOHOMepHOCTh 3aKJIOUAeTCA B TOM, UTO B OOOHX OKeaHaX MOXKHO 
cTAHOBUTb TPH THMa BePTHKAbHOTO pPaciipeseJeHHA 3OONJaHKTOHAa B 3aBH- 
AMOCTH OT TEX YCJIOBHM cCpebI, KOTOpble HaOMIOZAalOTCA B Pa3sJIMUHbIX pahonax 
KeaHOB. OJMHAaKOBbIe SKOOTHYeCKHE YCJIOBHA BbISbIBAIOT OMHAKOBbIH 3—ppeKT 
pactipelesieHuu NaHKTOHAa, Ha STOM OCHOBaHHH MbI MOXKEM pa3vHuaTb YAbTpa- 
IMPOTPOMHbIe, OMHTOTPO*HbIe H SBTPO*PHbIe PaHOHbI OKeEAaHOB. 

Y AbTPaONUroTpoOmuble paHOHbI XapaKTePH3y!IOTCA BeCbMa MaJIbIMU BeJIMUH- 
AMM MACCbI 300IIaHKTOHA MOBepXHOCTHBIX CJIO€B BOJILI, H3MCPACMBIMH TOJIbKO 
eCATKAMH MUJIJIMTpaMMOB Ha e€MHUIy OObeMa; pe3KHe HM3MeHeCHHA KOVJIH- 
ECTBA 300NIaHKTOHA HaOsoZaioTca B coe 500—1000 m; uuxxe 2000 m macca 
OONMAHKTOHA HMUTOKHO Maa, He MpeBbIllaeT HECKOJIBKUX JONeH MMT paM- 
a Ha elMHuLy oOObema. IIpumMepamMu yuJIbTpaosMroTpo*HbIxX paHOHOB MOryT 
qyKUTb Capraccopo mope u palion MapnancKoH BiaqMubl, OTM4aIOUlMecA 
akKoKe HM MHHMMAJIbHbIMM BeJIMYHHaMH TepBHUYHOH MpOayKWMA OpraHHuecKOro 
ellleCTBA. 

OwauroTpoduble paHoubI TakKxKe XapakTepHS3yIOTCA MaJIBIMH BeJIMYMHAMH Mac- 
bI 30O0MJIAHKTOHA MOBEPXHOCTHEIX CJIO€B BOJLI, HO OarofapA Ooslee HHTCHCHB- 
OMY TlepeMeLIMBaHHIO BOJbI pe3KOe YMeHbIMeHHe KOJIMUeECTBA IJIAHKTOHA Ha- 
guoqaeTca B Oomee rmyOokux coax, HuKe 1000 m. IIpumepamu omuroTpodubix 
AHOHOB MOFYT CJIY2XKUTb paHOHb! MOWHBIX TeveHul Donpd@ctpuma u Kypocuo,pac- 
OJIOKEHHBIE BOJIb 3OHbI KOHBepreHIHH. 

OBTpOHble PavOHbI XapaKTepH3yIOTCA BeECbMa 3HAYHTEJIbHBIMH BeJIMYHHaMY 
[acCbI 300MIaHKTOHA He TOJIbKO B NOBepXHOCTHBIX, HO H B CpeMMHHbIX CJIOAX 
OJIbI HW MOCTeMeCHHbIM YMCHBILNeHHeEM KOJIHYCCTBA IJIaHKTOHA C ruiyOMHOIO; Mac- 
a IlaHKTOHA B MOBepXHOCTHBIX CJIOAX BOJIbI BLIPaKaeTCA COTHAMH H ThICAUAMH, 
1B coe 500—1000 m — yecaTKaMv MUMVJIJIMTpaMMOB Ha eqHHuLy OObema. IIpn- 
[epaMH SBTPOPHEIX PalOHOB MOTYyT CJIyKUTb OoraTbie MWaHKTOHOM paHOHbl 
TprodayHaengza u Kypuso-KamuatcKon Biagquunl. 

_ VineHTwuHOcTh BepTHKaJsIbHOrO paciipeseseHHA MACCbI 3OONJAaHKTOHA B 9KO- 
IOrHUeCKH OJHOPOAHHIX palioHax OOOHX OKeaHOB HeJIb3A PaCCMATPHBATh, pasy- 
feeTCA, KAaK CulydaliHoe aABseHue. B 9TOM CXOJCTBE MPOABJIAIOTCH! Xap aKTepHble 
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’ 
yepTbI OHOOrHYecKOli crpyKTypb! Muposoro okeaHa. Bpsy, 1M MOxKHO COMHe- 
BaTbCA, UTO H B 1OXKHOM MOJYWAapHN B LaIbHeHLIeM OyyT OTMedeHbI Te %Ke CaMbIe 
3AKOHOMePHOCTH BePTHKaJIbHOrO pacipeweseHHA WaHKTOHa. Bce sTO MOxKeT 
CJIYKHTb OCHOBAHHEM JIA NOJTYYeHHA TOUHBIX JaAHHBIX MO paciipeseJieHHIO Mac- 
CbIl, a TEM CaMbIM HM M10 ONpeyeseHHIO TOAOBOM MpOAyKUHU 300nIaHKTOHa Mupo- 
Boro OKeaHa. ae 


MockoBckHi rocyapcTBeHHbIN YHHBepCHTeT Tlocrynusio i 
‘um. M. B. Jlomonocosa 13 VII 1960 
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Pue, 1. DeTatbHax-yacTb Mallen yYepes 3 CyTOK NocJe OKa/IbHOrO 

oOmopaxkuBauna. Tematokcuun Bemepa nu 303HH. 400 x. / — na- 

pHeTalbHaA ompasonespa, 2 — peiixepTopa memOpaHa, 3 — ru- 

raurcKkad KieTKa TpopoO1acta, 4— spHTpounTEl, 5 — riHKoreH- 

HbIM OCTpoBOK, 6 — TpopobnacT, okpyxKaloulnit TIMKOTeHHbI OCT- 
poBOoK 


TLAH. rT. fov, M2 3,ceMuaxaiinopa,\if pasqunKos 


Jlokuayo Arkajemun tayr CCCP 
1961, Tom 436, Ni 


PHCTOJMOLHS 
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HW. . MAXARJIOBA wn BE. B. TPAS/IHHKOB 


MOP®OJIOTHYUECKHE H3SMEHEHHWS TKAHEA MJIALLEHTbI 
BEJIOH KPbICbI MOCIIE JIOKAJIbBHOPO OBMOPADKHBAHH SI 


({7pedemaeaeno akademuKom IT, 11, Anuunoeoim 15 111 1960) 


KOMNeHNCATOPHO-perenepaTHBUble BOSMORKHOCTH IMMANCHTHE HOUTH He HeevIe 
OBaHBI. OCHOBHOe BUHMAHHE B MOC ELUNE POLE ObIIO OOPaneno Wa usHonorn- 
eckHe H MOpdorenerHyeckKHe peakiWH Sapopla Ha HOBpexyenne ("), 

B ecasisn ¢ neceOBAHHAMH HO TpoObsemMe uMMyHnre’ ‘a saponpiuel (') Ha 
aro cucremaTHueckoe HByYeHHe MOpPovornueckol WaOMIbNOCTH TKANEH Tia. 
CHTHI HW CTCHKH MATKH HEKOTOPHIX CPbI8yYHOB TPH peseKAH GCTH Maen TbE UH 
peqeHHH HHOposHOro Teva (''"), OOuapyxKeno, WrO TPH TOBpeKeEHHH B (pe 
ANDHOM “ACTH MIAWeHThE HACTYMAIOT SHAVHTe/IbUbIe MOp(poOrMuecKHe Tepes 
tpOHKH, OANAKO B PHE CMYUAEB OCTALOTCH NECHHIMH MeXAHASMbI TpoOTeccos 
OMMeHCallHH MH perenepallnn, 

Jit usyyenns MOpouornueckOll AGH bHOCTH HW MVIACTHYHOCTH TKANCHL Tla- 
CHTb! HAMM MpPHMEHAMOCL NOKAIbUOe OOMOPAXKUBANHE OOKOBHIX YUACTKON 1a 
CuTb! GeO KPbIChI XMOPHCTHIM STHJIOM B TedenHe BO—60 ceK, CrpyA xXv10- 
HCTOrO STHJA SKPAHUNpPOBAMACh OTMHITOH KUHOIMIeHKOH, HMeIONLeH Web 2X 

10 mm. Temnepatypa na nopepxnocrn MarKH CHMKanaeb 0 —- 35°,.Beero 
poonepHpopano 46 OeybIxX Kpbic (Gepemennocth 16 19 cyroK)., )Kuporunie 
aOuBaINch Yepes 5 mun.; 1; 3; 6 uw 12 sac; 1; 2; 3; 4 u & cytoK noewe one pate 
WH. Berpesannbie KYCOUKH TKANEH TV/IaleHTbl Pie ab spk b B HeukeponeKolt 
HKOCTH C (POPMAJINHOM, SANBAJINCH B HaApaPHi H Hey VIONMHelapapan, Cpe 
bt TOMMANON 6—10 pw OKpawHBaINeh remMatoKCHJHHOM bemepa H 908HHOM, lO 
OMMHHYM, HeKOTOPHIe Mpenaparht asyp I] IOSHHOM, 

Sapospiuin, KaK NpaBHIO, XOPOLO NepenocHA MOKA NOE OOMOPAKHBA> 
Me TWIAMCHTH! HM pasBUBANHCh OTHOCHTeEbUNO HOpMabuo, B LO--15% enyuaen 
aGmolartach PHOe/Ib MOOR. 

B nepBble MHHYTHI HW LacChl MOCIe OOMOPAKABANM HACTYNAIO BHAUHTEJ bHOe 
ACIUMPCHHe MATEPHHCKUX UH BAPO/bINMEBbIX COCYOB, CoeAMHATeI LNA TKAHD 
ranoBpuviach OreuHOH, CuranreKkue KleTKH TpoOpoGwiactra, TAK HKe KAK WH CHAI 
LAI DHDIA TPOPOGNACT, UCHBITHIBAJIM BNATATEIDUYIO AIbTepAanMoO, HX Apa era 
OBUJINCh TUKHOTHYECKHMH, “act PiINKOPeHHbIX KIeTOK NornOaya, riMKoreH: 
ble OCTPOBKH, HAXOAMIUNECHA B MPOMEAKYTOUHON GONE TWALCHTbL, GALOJHSLMNEh 
HAKocTHIO, B NaGMpHNTe MATEPHUCKHe JAKYHbE PACHIMPANHCh MH MeCTAMI CJM 
Ach ONarojapA paspyuienmo TMiAasMOsMabuNOro Tpopo6sacra, Uaernunoe 
TOMBANHE MVaASMONNAJIbHOrO rpo(poOnacra C COCYJO BAPO ILA TPO MLO 

O6pasopannio remoBagabubIX yuacTKOR, B KNeTOUNDIX IIeEMeHTAX CTCHKH 
ATKH, OCOOCHHO B MBINIMNLAX, NOABJIAJINCh BAKYOJIN, 

Yepes 3 vaca nocvie Hauasa ONbITA MAKPOCKONMUCCKH OOHAPYKUBAINCH NS- 
buena B pacCnoNOKenuH tviavenTh B pore MaTKH. BarojapsA COKpAuenMio 
YCKYyJATYPbl CTCHKA MATKH H MM/aieHTa BMCCTC C BAPO)bIWeM Te peMecHla/racb 
a 90°. Tloppexyennant wacrh (peraibHOol MWalentbl yKopauNBatach HW yTOd- 
anach, Coxpanavicd oTeK TKANCH, BAKYOMHBALNA LMTOMASMbE MHOPHX KIeTOU 
bIX SICMeHTOB TMVIAWeHTbr. 
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Cnycta 12 yac. nocjie OOMOpaxkUBaHHA YYACTKH MValleHTbl, yaJieHHbie OT 
MecTa MOBpexK CHUA, MOCTeMeCHHO BO3BpPalllaIHMCb K HOpMe, B TO BPe€MA KaK B 
HeMOCPeACTBEHHO AJIbTePHPOBAHHbIX UAaCTAX BCe OOJIbIWe MPOABJIANOCh MOBpe- 
2%KeHve. B 9THX y4UaCTKaX YACTHOHO HEKPOTH3HPOBaJIMCb TMraHTCKHe KJIeTKH 
Tpoo6acTa WH CHHUMTHaIbHbI TpodobactT. Upunexamui maOu“pHHT HMeu 
Pe3KO PaclIIMpeHHble MATePpHHCKHe JaKYHBI HM 3apOfbIleBble KalMAphl. I11a3smo- 
uanbublt TpoobacT B OUare NOBpexeHHA OOOCOGAJICA, YACTHUHO CHOUsAT 
C 3apOjJIbIMeBbIX KAlIMJIJIAPOB. 

Cnycta 1 cyTKM HW 103%Ke B WaOHpHHTe YaCTO OTMEUAaJIMCb AMUTOSHI B TPOo- 
6acTHYeCKHX ZJIeMeHTax. HanOoubuive NOBpexkIeHHA HaOsIOWaIMCb B MpoMe- 
*KYTOWHON 30He MWIaleHTbI HW WpHseKallMX TKaHAX NaOupHuTa. TKaHu MaTepHH- 
CKOH YaCTH TWaleHTb! OONa_asiH SHAYHTebHbIMH KOMM€HCaATOPHBIMH BO3MOXK- 
HocTamu. Hekpo3 TkaHeli HaOmloqaJICaA B OUeCHb HeEOOJIbIIMX yUaCTKaxX CTeHKH 
MaTKH. 

Yepes 2 cyToK COXpaHHBLIveCA 2%XHBbIMH yUACTKH CHHUMTHAaIbHOrO Tpodo- 
6lacTa KIMHOOOpa3sHO OOpHIBaHCb 10 Kpaio oOuvara NoBpexfenua. Cpely Kule- 
TOUHBIX JJICMCHTOB IJIa3MOJHaJIbHOrO Tpooosacra NOABHJIHCb KpyNHble OTPOCT- 
yaTble K€TKH C Oas0PUsIbHOM WUTOMMA3MOH, MHOPa C HECKOJIBKUMU ApamMu — 
cBoeoOpa3Hble Makpodbaru, pacTBOpAIOULHe HEKPOTH3HPOBaHHble YUaCTKH Ja0u- 
pHuta. Cpeqv CHHIMTHAIbHOrO TpodoOsmacTa TakxKe OOHAPYKUBAIUCh KPYIHble 
KJI€CTKH C MeHHCTOH WHTOMIasMoH. 

Ha 3—4 cyTKM HeKOTOpble KJI€TKH CHHIMTMaIbHOrO TpopoOacTa HayHHaJH 
BpacTaTb B HEKPOTH3HpOBaHHble yuacTKH. IIpu Oowee CHIbHDIX NOBPexKTeCHHAX 
IIJIAWeHTbI, HalpHMep pH pe3eKUHH e€ YaCTH 9JIEKTPOHOXKOM, Ha MepBbIl 
IaH BbICTYMMIH pereHepaTHBHble NepecTpOHKH B [a3MOHaJIbHOM Tpodo- 
Onacte WaOupuHTa. 

IIpu sokatbHOoM oOOMOpaxKuBaHHH B  pereHepaTHBHbIX MepecTpovKax 
TKaHeH NaOHPpMHTa 3HaUHTeJIbHOe yUAaCTHe IIPHHHMas TpopoOsacT, OkpyKaBlwiHH 
rJIMKOPeHHbIe OCTPOBKH. ITOT TpomoOacT esMJICA AMUTOTHYeCKH, CBA3H Me%K- 
Hy KJIeTKAMH CTaHOBHJIHCbh OouIee PbIXJIBIMH, OTJCJIbHbIeC KJICTOUHIC 3JIeEMeHTHI 
MepeMelasiMCb B TKaHH JaOupuHta (puc. la). Mexny pbIxs0 pacnoO*KeHHBIMH 
KJIETKaMH TpodoOsacTa TIMKOTe€HHEIX OCTPOBKOB HaXOMacb MaTepHHCKad 
KpOBb. OcoOeHHO 3HauHTeJIbHOe paspacTaHHe HM pa3pbIXJIeHHe TJIMKOFeHHbIX 
OCTPOBKOB HaOuiloaocb B rIyOOKHX WacTAX NaOHpHHTAa MU OKOIO pene ras 
MeMOp aHBI. 

CrelyeT OTMeETHTb HM elle OJHY OCOGeHHOCTh — OX, BJIHAHHEM JIOKaJIbHOTO 
OOMOpaxKHBaHHA TKaHeli JlaOHpHHTa Ha CpeHHX CpokaX OepeMeHHOCTH OT- 
MewasIOCb yBeJIMYeHHe KOM¥eCTBa THraHTCKHX KsleTOK TpodoOmacta, oco- 
OeHHO OKOJIO pelixepTOBOH MeMOpaHBI, 38 CuYeT HX AMHTOTHYeCKOrO jJleJIeHHA 
(puc. 16). 

Yepes 5 cyToK B TKaHAX MaOHPMHTa NOABHAMCh WHpOKHe MpocTpaHcTBa — 
pe3syibTaT JevcTBHA Makpodaros. MectaMy, BCJIeqCTBHe aMHTO3a H @parMeH- 
TalMM 1Na3MOMabHOrO HM CHHUMTHaIbHOrTO TpotoOacToB, OOpa30BaHcb 
MHOPOAepHble CMMIMIacTbl, y4acTByIOWMe B OpraHH3allMH OUara ToOBpexk- 
eHuA. 

Takum 06pa30M, OAHHM M3 cmoco60B H3y4yeHHA pereHepaTHBHbIX H KOMIIeH- 
CaTOPHBIX BO3MOXKHOCTeH TaeHTbl MOXKeT CYKUTb MOKaIbHOe OOMOpaxkHBa- 
HHe TKaHeH IJaleHTHI. 

Tlocne o6MopaxKuBaHHv, Kak HM MOcsle MHbIX BO3ZeHCTBHH — peseKI[MH 4acTH 
TaleHTb, BBeEeCHHA MHOPOAHOrO Tea,— B JaOHPpHHTe BPeMeHHO OOpa3yiwoTcA 
reMOBa3aJIbHble YUaCTKH, KOTOPble, C Hallie TOUKH 3PCHHA, MOXKHO paccmaTpH- 
BaTb KaK OJ\HO H3 KOMMeHCATOPHBIX IIpHcnocoOMeHHH TKaHeH WaOupuHTa B 1 
JIOBMAX PYHKUMOHAIbHOH HeOCTATOUHOCTH TWalleHTHI. 

PereHepaTHBHble ABJICHHA TOcse OOMOpaxKUBaHUA UrpaloT He3HaunTebHyIo 
POJlb H BbIPaxKalOTCA B PaspaCTaHHH MWasMOMaNbHOrO H CHHUMTHAIbHOrO TpO- 
(boOacToB, a TakKxKe OTIC/bHbIX 3/IeMeHTOB TpodoOmactTa, OKpyxKalomero rin- 
KOPeHHbI€ OCTPOBKH. 
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HeoOxoyuMbl JlaibHellive HCCeOBAaHHA POH TpodoOmacTa raMKOreHHbIX 
XCTPOBKOB H THraHTCKHX KJiIeTOK TpooOsacta, NpHwexKaWHX K pelxepTOBOH 
femOpaHe, B pereHepaTHBHbIX MepecTpoHkax MJIaleHTb! OeOW KPpbICbI. 


JleHHurpaycKul rocyapcTBeHHbI YyHHBepcHuTer Iloctynusto 
um. A. A. )Kqanosa 11 VIII 1960 
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Jloxxanmn Axkagemun nayr CCCP 
1961. Tom 136, Ne 3 


PEHETHKA 


H. H. 303 


IMTOPEHETHYECKOE U ®H3HOJIOTHYUECKOE JIENCTBHE 
ITMUJIEHMMHHA HW PAMMA-JIY4YEH HA CEMEHA MDIEHHMILbI 


(ITpedcmaeaexo axademuxom B. H. Cykaueeoim 13 VIII 1960) 


XHMMYGeCKHe COeETHHEHHA, BbISbIBAION[He HaCJIeACTBeHHbIe H3MeCHEHHA Y 2%KU- 
BOTHBIX, paCTeHHH H MHKPOOpraHH3MOB, IpMBJIeKalOT K Cee BCe OovIbIIee BHH- 
MaHHe, MOCKOJIbKy HX JeHCTBHe OOHapyKUBaeT CIeWMPHYHOCTS B CpaBHeHHH 
C HOHM3HpyIOULHMH u3s1yyeHHAMH. OHUM M3 HaHOoJIee sdPeKTHBHBIX XUMH- 
yeCKHX MYyTareHOB ABJIAeTCH STHJICHHMHH, MYyTareHHoe jfleHCTBHe KOTOpOroO. 
oTxpbito HM. A. Panonoptom (*) # wimMpoKko ucnosb3yetca celuac B Lpenuu 1A 
MOJYYeHHA HOBbIX BbICCKONPOYKTHBHBIX COPTOB AUYMeHA HW JPyrHX Ce/bCKO- 
XO3AHCTBEHHBIX KYJIbTyp. B MOseBbIX OMbITAaX C AYMCHEM STHJICHHMHH OOHAa- 
pyxku B 3 pasa CobUIyIo SddeKTHBHOCTh M10 CpaBHeHHIO C PeHTTeHOBCKHMU 
JtyiaMu, IIpHueM OT 9THJICHHMHHAa BOSHHKAJIO OOJIbLUIe TOUKOBBIX, PeAKHX MyTa- 
WH, B TOM UHCJIe BbICOKOXKM3HECHOCOOHBIX H XO3AHCTBEHHO IeHHBIX (°,°). 

@My3uouorMuecKoe H WHTOreHeTHYeCKOe JelcTBHe ITHJICEHAMHHA H3yuaJIOCb 
HaMH Ha CeMeHaX MATKOH ApOBOH MWeHHUb! (22 = 42). QhdexT BoselicTBUA 
CpaBHHBaJIcA C JeHcTBHem y-yyeH. M3yuaiu XapakTep XPOMOCOMHBIX Tepe- 
CTpOeK, BO3HHKAaIOMMX Oj JeHCTBHEM STHX MYTAFeHOB, a TaKKe BJIMAHHE UX Ha 
mpopacTaHve CeMAH H paHHHe CTaQHH pa3BHTHA MpOpocrKos. 

OTHJICEHAMUH TIpHMeHAJICH B BOJHOM pacTBope, pH 7,5, pH TemMnepatype 
20°. Ucnpirpipanu KoHlenTpanuu 0,01; 0,06; 0,08; 0,1; 0,12; 0,15; 0,2 1 0,3%. 
Bo3yelicTBHe MpOH3BOMJIOCb Ha CyXHe CeMeHa MMWeHHUbI B TeyeHHe 24 yac. B 
yaukax Iletpu, nocje vero CeMeHa OTMBIBAJIHCb IpOTOUHOH BOJOMpOBOAHOH BO- 
you B TegeHue | uaca. Y-JyUYH aBasMcb B W03ax 2,5; 5,0 wu 10,0 xr. 

KonlenTpayua stHieHuMuHa 0,01% jaBana aHlb C1a60e 3aMeqieHve pocta 
IIPOPOCTKOB, He BHAA Ha Mpopactanue cemaAH. IIpnH KonueHTpaunn 0,08% 
oxo0 70% MpopocTKOB NpOOuBasIO KOJIEONTHIM HU Rasee poCM HeECKOJbKO OT- 
cTaBawA OT KOHTPOJIbHBIX IpopocTKoB (mo BpIcoTe). IIpH KoHWeHTpanun 0,2— 
0,3% wWpopacTaioT JIMIIb OTIeIbHBIe CeMeHa. 

IIpu qo3ax y-nyuel 2,5 u 5,0 kr He OTMeYeHO BJIMAHHA Ha Tpopactanue ce- 
MAH H poct npopocrKos. [Ipu yo3se 10,0 kr mpopocm Bce ceMeHa, OAHAaKO IIpo- 
PpOCTKH OTCTaBaJIH OT KOHTPOJIA MO BbICOTe HM CKOPOCTH Pa3BUTHA. 

J{1A WATOMOTHYeCKHX UCCeOBaHHU KOPeWIKH (PUKCHpOBaH Yepes 72 uaca 
mocyie HAMaYMBaHHA CeMSH B PacTBOpe STHJIEHHMHHA HU B CJIyyae BO3TeHCTBUA 
y-yuaMu — B BOJe. 

Kopemku Opamu qiHHOK 0,3—1 cm, uKCHpOBasH B CMeCH CIMpTa H JeqAHOH 
ykcycuou KuCOTEI (3: 1). PoToBusH TOTabHbIe alleTOKapMHHOBbIe Mpenap arbi. 

XPOMOCOMHBIe MepecTpOMKH YYHTHIBAIH B MepBbIX MHTO3aX Ha CTaHu aHa- 
(pasbl HW paHHeH mpodaset. 

B cuyuae BO3JeHCTBUA Y-JIyYYaMM MPH BCeX 03aX XPOMOCOMHBIe NepecTponkH 
B OCHOBHOM IIpejCTaBJIeHbl MOCTaMH UM (bparMeHTamMu, TIpHyeM OTHOWeHHe O6- 
IlerO KOJIMYeCTBA MOCTOB K OOMIeMy KOJIHYeCTBY (pparMeHTOB cocTaBano | : 1. 
Ilpu BoszevicTBH ITHJIeCHHMMHOM OTMeyeHa CHJIbHad (pparMeHTalluaA XpOMOcom, 
OTCTaBaHHe XpOMOCOM B aHa(a3se HM HeOOIbUIOe KOMYeCTBO MOCTOB. OTHOIIeHHe 
MOCTOB K qparmeutam | : 3; 1: 6,8 (cm. Ta6a. 1). 

Kpome yka3aHHbIX H3MeHeHHI Ip BO3AelCTBUM STHJIEHHMMHOB OOHAap yKeHbI 
sean KJIETKH, KOJIMYECTBO KOTOPbIX B HE€KOTOPbIX KOpellIKaX JOCTH- 
rao 50%. 
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MranOnn voted 


Han6oubiten mwuToreHeTuuecKon 


y Bcero OrHomienue 
ucaa Ocraromue XPOMoO- MOCTOB K 
BosyeticrBue HCCJIC OB. Moctr, % |@®parmeuTr, %| xpomoco- COMH dbparmen- 
KuIeTOK MbI, % nepesetp , TaM 
%, 
OHTPOJIb 1018 2,6+0,48 3,0+0,44 0 5,6 0,87 
TH JIEH AMUH 
0,01% 854 Bp ae Ons De ih Sei) ats 3,9 Al {4 
0,08% 732 A SyaeO A. || AVA] 4 AS 5,0 Deel Bye 
0,1 % 812 Drove Omyagy ||) Us) sae We 7,0 24,8 6,8 
0,2 % 700 4 Veet Ueay || iyiogl se a) 7 210) Aral 3,0 
0,3 % 502 Ore Ot 1 mee ieee 2,8 18,6 BA 
- JY 4H 
105 Kr 705 ORO == OF Oe, Os Omer Ooo) On 13 al 
Te aig 900 Ar steheasyalla(OS) Ml Alpeapay cist (08) OFS Prae6) 0) 


opeKTHBHOCThIO B OMbITe OOalau KOH- 


enTpauun 0,08—0,1%, T. e. MpHOH3HTebHO Te %Ke KOHIeHTpaluu, KOTOpbIe 
 OMbITAX C AUMEHEM BbI3bIBAJIM HAHOOJIbIWee KOJIMYeECTBO H3MeHeHHIi. C MOBbI- 
IeHHeM KOHICHTpalluu pe3KO Ilafasia MHTOTHYeCKaA AKTHBHOCTD H, M0-BHHMO- 
Ly, MpOUCXOAUsa THOeNb KJIeETOK C OOJIbIIHM KOJIHYECTBOM XPOMOCOMHBIX Tepe- 
Tpoek, Tak 4UTO Ha OJ HOM Mpelapate yaBaslOCb HaCuNTATh BCero MHIUb O—10 je- 
[ALLMXCA KJIETOK IpOTHB 50 u Ooviee KJIeTOK B KOHTpoue. 

Kak BHJHO H3 NOJTYSeHHBIX JaHHbIX, Y-JIYIH HW ITHJICHHMHH Mph Bo3sTeHcTBUH 
(a C€MCHA MMECHHIIbI BbISbIBAIOT Pa3JIHYHOe KOJIMYeCTBO CBOOOJHEIX Pa3pbIBOB 
pparMeHTbI) H paspbIBOB C BOCCOeqHHeHHeM (MOcTHI). M3BecTHO, YTO Kak HO- 
H3Upylollve U3IyYYeHHA, TAK H XMMMYeCKHe MYTATeHbI B OCHOBHOM JleHCTBYIOT 
; MOMeEHT OOpaboTKH. IlocKombKy y-JIyaH JeHCTBY!IOT OTHOCHTeJIbHO KpaTKOBpe- 
[eHHO, a STHJICHHMHH — JIMTeIbHO (24 4aca H, BO3MOXKHO, Ooviee), pasMuHe 
; WEMCTBHH STHX MYTAPeHOB MOKHO ObIIO Obl OObACHHTh JeHCTBHeEM HX Ha pas- 
MUHbIe Pasbl TeseHuA Apa KaeTKUH. JA NpoBepKH Takoro mpexmouoKeHuA 
[POBeE CHI MPeABapHTeJIbHbIe OMLITLI MO BOSZEHCTBHIO Y-JyyeH HW STHJIEHHMHHA 
[a CeMeHa, HaMOYeHHbIe 3a 24 u 72 vaca 20 OOpaboTKH. XapaKkTep XPpOMOCOMHBIX 
[epeCTpoOeK H OTHOMI€HHe MOCTOB K (parMeHTaM B 3TOM Culy4ae OIM3KH K TeM, 
‘OTOPble OTMeUEHE! B CIyUae BO3eEHCTBHA Ha CyXMe CeMeHa. 

OObACHNTL pe3yJIbTAaTbl pa3JIHUHbIM XapaKTePOM BO3HHKAIOULUX pPaspbIBOB 
‘{POMOCOM MOKa He IIpeCTaBJAeTCA BOSMOKHBIM, TaK KAK MbI He 3H4€M, KAKOBBI 
‘UMHMYeCKHE MPOLecchl paspbIBOB HM BOCCOeMHEHHH B TOM H Jpyrom culyyae. 

Bo3MoxHO, MpOHCXORAMIHe ABJICHHA OObACHAIOTCA PpasJIMUHbIM (pu3HoVIO- 
HUeCCKUM JleHCTBHeM STHJIGHHMHHA UM Y-syyeH Ha KJIeTKy. 

CyulecTBy!oT HM pyre aKTHBHbIe CO@JMHeCHHA, KOTOPbIe BbISbIBAIOT Pa3PEI- 
sbI XPOMOCOM C OOpa30BaHHeM TOJIbKO CBOOOJHEIX (parMeHTOB Oes BOCCOeHHE- 
IMM B BHJe MOCTOB. STO MUJlepaH B CJly4ae BO3eCHCTBHA Ha AYMCHb WH KOHCKHEe 
j00nI (*) H pagqHoakTUBHEI cbocdop (P**) npH BoszelCTBHM Ha MIWeHHIbI U AU- 
feHb (°). OOpa30BaHHe OObUIOrO UNCIa CBOOOHBIX (bparMeHTOB BbISbIBaeT 
akxKe uupuT (°,’). Takum oOpa30m, (akT pa3JIM4HOrO WMTOreHeTHUeCKOrO jel- 
TBUA Pa3HbIX MyTareHOB Mp BO3TeHCTBHH Ha OTJeJIbHbIe OOBCKTLI MOXKHO CuH- 
‘aTb YCTAHOBJICHHBIM. 


VuctutyT 6vonormueckon cu3snKu 
Axkajlemau Hayk CCCP 


Tlocrynusio 
10 VII 1960 


ITATHPOBAHHAA JIATEPATYPA 


1M AyP aio nop tT, JAH, 60, Ne 3, 469 (1948). 2? L. Ehrenberg, U. Lund- 
Ju Goes tio, Elereditas, 44, 3230)(1958).5 2 Ly Enrenberg, A. Gius- 
Jaffson, U. Lundquist, Hereditas, 45, 351 (1959), 41. Moutschen-D ah- 
nen, M. Moutschen-Dahmen, Hereditas, 44, 415 (1958). JL), IB pee 
lapel, Ouepku no paquo6uonorun, M3q. AH CCCP, 1956, crp. 233. SoG. Aci ent bp rancnile 
Sold Spring Harbor Sympos. Quant. Biol., 16, 199 (1951). * C. Auerbach, Experien- 
ia, 13, 217 (1957). 


713 


Moruagn AKkagqemuu nayr CCCP 
1961. Tom 136, Ne 3 


MHUKPOBHOJIOLHA 


3. M. 3AHMLIEBA, H. B. OPJIOBA, C. 3. MAHH]JIMH, C. HW. AJIMXAHAH, 
A. C. XOXJIOB u Bb. 3. WEPYUEC 


CMHTE3 OKCHTETPALLMKJIMHA 
fiPH COBMECTHOM KYJIbTMBHPOBAHHM HEAKTHMBHbIX MYTAHTOB 
ACTINOMYCES RIMOSUS 


(ITpedcmaeaeno axademuxom B. H. Mlanownuxoeo.m 22 VI 1960) 


Hamu Oplui0 MOKa3aHO, YTO MPM COBM€CTHOM KYJIbTHBHPOBaHHH JByX Heak- 
THBHbIX MYTAHTOB BbICOKOaKTHBHOTO WiTamMMa Actinomyces rimosus OHH OOpa- 
3yloT aHTHOuoTHK ('). Llembio HacTosileH padoTb! ObliIo yTOUHeHHe MpHposbl 
CHHTe3HpyeMoro aHTHOMOTHKa HM UCCeqOBaHHe MeXaHH3Ma B3aHMOeHCTBHA © 
HeaKTHBHbIX MYTAHTOB IIpH ero CHHTe3e. 

TJockombKy HeakTuBHble MyTaHTbHI Act. rimosus ObIuIM NOJIy4eHbI U3 AKTHB- 
HbIX LITAMMOB-IIPOLYUEHTOB OKCHTeTPaUNKJIMHa, ECTECTBEHHO ObIJIO WYMaTb, 4TO 
IPH HX COBMeCTHOM BbIpPalllHBaHHH OOpa3yeTCA OKCHTeTpallWKJIHH. OHakoO B 
JIMTepaType onMcaH calyyal nowyyeHHA MyTaHToB y Act. aureofaciens, o6pa- 
SYIOMIUX pA OH3KHX XJOPTeTpaluKJIMHY AHTHOMOTH4eCKHX BelLeCTB, HeHJeH- 
THYHBIX MCxoqHOMy (’). 

Jia cpaBHeHHA CHHTe3HpyemMoro aHTHOMOTHKAa C TeTpallMKJIMHaMH TIpH- | 
MeHAJICA MeTOR XpoMatorpaduu Hua Oymare, onucaHHbI B (*). Xpomatorpacpu- 
pOBaHHe MpOBOAHJIH B CHCTeMe XJIOPOOpM : HATPOMeTaH : NupHgzuH (10 : 20: 3); 
OyMary lipeqBapuTesbHO OOpabaTHIBamH Oydhepom Max-Mapselina pH 3,5. Xpo- 
MaTOrpaMMbI (poTorpadpupoBamuH B y.-(=). cBeTe MO cnoco6y, paspaboTaHHOMy 
Bamuospim (*). XpomatorpatupopaHuio MOsBeprasucb KYJIbTypaJlbHad KUI- 
KOCTb H 2-9THJITeKCaHOJIOBbIM SKCTpaKT AHTHOMOTHKAa. OKCTPakWHA MpoBosH- 
JlaCb MOCIe MpeqBapHTeJbHOTO NOMMeWaYHBaHHA KYJIbTypaIbHOH XKHKOCTH 
no pH 9,5—10 pacrsoputesem, B3ATbIM B KomHMYecTBe 15% K OObeMy 2%KHKOCTH. 

Kak BHJHO Ha XpoMaTorpamme (puc. 1), o6pa30BaBlIHlicad aHTHOHOTHK OFeCHb 
ONM30K K OKCHTeTpalluksuHy. B nomb3y CXONCTBa AHTHOMOTHKA C OKCHTeTpa- 
I\MKJIMHOM TOBOPHT elie H TOT (akT, TO OH He JlaeT OKpaluMBaHua c 1N HCl 
Ip kKuMayeHHv. Pe3ybTaTb oOMmpeyemeHHA OOpas0BaBllierocd aHTHOMOTHKAa 
OMONOrHYeCKHM HM KOJIOPHMeTPHYeCKHM MeTOaMH, paspaOoTaHHbIMH JIA OKCH- 


Ta6Oauna 1 


J|uHamuka™ pocta-MyTaHTos Actinomyces rimosus B 4HCTOH HM CMelIaHHOM KyJIbType Ha 
CHHTE€TH4YeCKOMU cpeye 


Bec munenua, mr % | AKTHBHOCTb, Y/Ma 
Bapaaaets MpOMOMMKUTEMBHOCTH tbepMeHTaluu, ac. 

24 48 72 48 | Ws 96 120 
T-12 708 4108 966 0,4 0,9 0,7 0,9 
T-572 814 977 841 2,9 onl 250 3,0 
T-999 690 926 906 0,8 0,7 0,5 0,9 
T-12 + T-572 890 4177 1032 390 625 800 802 
T-999 + T-572 923 1189 1130 365 590 600 630 
Mcxogu. aKkTUBH. WITaMM 453 7107 980 680 1480 1760 2050 
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TeTpauMKIMHa, MpakTHyecKH coBpmagatoT. Urodp: yGequTpbcx B adcomorHon 
HJCHTHYHOCTH OOpasytolllerocd aHTHOMOTHKA M OKCHTeTpalluKJIMHA, UccueLye- 
MbIM A@HTHOMOTHK Obl BbIJeeH U3 KYJIbTypabHO 2%KUPKOCTH HV ABax EI Te- 
pekpuctaiiusopan. Buonormueckad akTHBHOCTb ero paBHssacb 878 ex/mr. Rf 
NOJYYeHHOTO TipellapaTa B OMMCaHHOH cucreMe xJOpoopM : HHTpOMeTaH : MH- 
pugun (°) MB CucTeMe 9THMalleTaT: Boga (5) MomHOCThIO cooTBeTcTBOBauO Rf 
okcuTeTpatuksnHa. TlomHoe copnafeHue uHpakpacHbIX CIeKTpOB 4 aHTH- 
OakTepWaJIbHOrO cieKTpa JlelicTBus TaK2Ke FOBOPHT O TOM, YTO OOpasyIoMINiics 
AHTHOMOTHK ABJIACTCA OKCHTeTpalluKJMHOM. 

IIpu usyyeHHH MeXaHH3Ma B3auMOJelicTBHA HeA@KTHBHBIX MYTAHTOB TIpH 
CHHTe3€ AHTHOMOTHKA HCMONIb30BaIMCb MYTAHTHI, ONMCaHHbIe Hamu pauee (1). 
(13 «Oembix» Mytantos T-12 1 T-999 u «uepHpiiiy mytant T-572.) Mocesnoili 


om) + 
= 
ES 

3 
—~ 
Le 

= 
Se 
Se 
™~s 


Puc. 1. Ugentudpukayua axTH6noTuKa, oOpa3ylomeroca mpH coBMmect- 

HOM KYyJIbTHBHpOBaHHH JByX HeaKTHBHbIX BapHaHToB Actinomyces 

rimosus T-12 u T-572. XT — xmopterpayukiun, C—cmecb xaop- 

TeTPauHKIHHAa, OKCHTeTpaluKHHAa A TeTpawHKINHAa, Ix — 3KCTpakT 

aHTHOHoTHKa, OT—oxcuTetTpaunkinnH, K. x#, — KyJbTypalbHaa 
: KUIKOCTh, 7 — TeTpalukJHH 


MHUeJIMH BCX IITAMMOB BbIpallMBaJIcCA Ha Cpeyle C KYKYPY3HbIM 9KCTPaKTOM B 
TeyeHve 48 4ac. H 3aTeM HepesaBasica B KOMMUeCTBe 4% B cbepMeHTAILHOHHYIO 
CHHTeTHYeCKy!0 cpely. YCJIOBHA BbIPaUIHBaHHA MOCeBHOTO MHIeMA, yCOBHA 
(pepMeHTALlHH, a TakxKe HCMOb3OBaHHbIe B padoTe MeTOLI ONHCAaHET B (*). 

Bplg0 MoKa3aHO, ITO H3y4YeHHbIe MYTAHTbI PaCTYT 3HAYHTebHO ObIcTpee, 
GeM HCXORHbIM, AaKTHBHBIM wiTamMM (Tad. 1). 

Bec MHUesIMA MyTaHTOB JOCTHraeT MaKCHMyMa K 48 4acaM, Tora KaK BeC MH- 
UeHA HCXOAHOrO WiTamMMa — kK 72 yacamM. OfHaKO OO6pa30BaHHA aHTHOHOTHKAa, 
HECMOTPA Ha XOPOLIMM pocT MyTaHTOB, He HaOmoqaeTca. B cMewlaHHOl KyJIb- 
Type Mpoucxogus elle Coulee HHTCHCHBHBIM POCT, YTO CBUeTeIbCTBYeT O Owaro- 
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IIPHATHOM BJIMAHMM 9THX MYTAHTOB pyr Ha Apyra. OTM BapHaHTbl OTMUAlOTCA 
TaKKe HAaKOMMeHHeM 3HAUMTeIbHOrO KOMMYeCTBA AHTHOMOTHKA. CreqyeT OTMe- 
THTb, UTO MpMpOcT aKTHBHOCTH MIpH TaKOM COBMeCTHOM KYJIbTHBHpOBaHHH 
BYX H€AKTHBHBIX MYTAHTOB HeJIb3A OObACHUTb yBeM4eHHeM OMomaccsI. OOpaso- 
BaHHe AaHTHOMOTHKa B 9THX YCJIOBHAX 3aKaHYMBaeTCA K 96 yacaM, Tora Kak 
y ucCXOqHOrO WITaMMa OHO MpososumKaetca BO 120—140 yacos. 

Uccneqopanve MeXaHv3Ma B3aHuMOeHCTBUA JByX HeaKTHBHbIX INTAMMOB IIpo- 
BOMMJIOCb C HCMOJIb30OBaHHeEM MeTOJa NepeKpeCTHBIX MepecayoK. 48-"acoBou MH- 
Wem OTICMANICA OT KYJIbTYpasIbHOH KHAKOCTH Ha WeHTpUdyre. [lA ocBoGo- 
YKICHUA OT CHOP MU OOPHIBKOB MHIUCHA KYJIbTypaIbHaA XAKUPKOCTh MponycKa- 


ach vepes (pubTp Selita. OcTaBuIMiicA MMeMU [BaxKIbI MpPOMbIBaJICA CTe- 


PHIbHOH BOAO HM 3aTeM TlepecaxKUBaJICA Ha KYJIbTYPaJIbHy!O %KHAKOCTh Apyro- 
TO ITaMMa HM MOC/e STOO BbIPauLMBaJICA B TeyeHve 64—72 yac. 

Bpii0 yCTaHOBJIeHO, YTO MHIeHH «OevIbIX» MyTaHTOB Ha (PMJIbTpaTe «4epHO- 
ro» MyTaHTa He OOpa3yeT aHTHOMOTHKA, TOrga Kak Mpu Mepecayke MUeIHA 
«yepHoroy MyTanta T-572 na dbuabTpaT «Oembix» MytanTos T-12 u T-999 o6pa- 


3yeTCA SHAYMTebHOe KOJIMUeECTBO aHTHOMOTHKa (TAO. 2). ToT dak, uTO OOpa- © 


30BaHHe AHTHOHOTHKAa HaYHHaeTCA Cpa3y we Moce NepecaqKW MUUeMA, MO3BO- 
JIACT BbICKASATb MIpeMMONOKeHHe, UTO «OeJIbIe> MYTAHTHI OOPa3yIOT HM BbINeAIOT 
B KYJIbTYPaJIbHY!0 XKH[KOCTb KaKOe-TO HeH3BeCTHOe BellleCTBO (X-BeleCTBO), 
KOTOPOe MO3BOJIAeT MMIeHIO «GepHOro» MyTaHTa T-572 CHHTe3HpOBaTb aHTH- 


T aon nie 


Pocr neakTHBHEIX MyTaHToB Actinomyces rimosus u OOpa3s0BanHe HMM aHTHOMOTHKa Ha 
KYJIbTyPaabHOM MKHAKOCTH APyruX MyTaHTOB 


AKTHBHOCTb, Y/MJI 
Bec MuleHaA, 
Mr Ss 
KyJIbTypaJIbH. 2K H- te 60 uac. & ro) 
KOCTb Muuemuit ony 
HauasibH.| 12 uac.| 36 ac. oes 
HavaJIbH.|36 ac. Ouon. | XuM. (Suis 
Res 
via T-572 1290 1384 0,1 106 480, 520 560 560 
T-999 T-572 1379 1468 0,2 130 390 420 450 450 
T-572 T-12 1520 1504 0,8 AAG) 0,9 1,2 _— 0 
T-572 T-999 1580 1600 0,2 0,4 1,0 0,9 — 0 
Vicxoyu. aKTHBH. 
1uTaMM T-12 1424 1431 230) * 220 206 210 200 0 
McxogqH. aKkTHuB, 
TaMM T-572 {214 1260 270 * 400 580 640 660 390 


* OKcHTeTPaiUKIHH, HakansMBaloulniica B KYJbTYpaJIbHOH AUAKOCTH HCXOMHOTO aKTHBHOTO IWiTaMMa 
Tocyle @epMauTaluu B TedeHHe 48 uac. 
OMOTHK. STO X-BelllecTBO, NO-BHAHMOMY, COJep2%KUTCH MW B KYJIbTYpaJIbHOH 2KUI- 
KOCTH aKTHBHOPO ITaMMa, TaK KaK MHleuMH «yepHoroy MyTaHTa T-572, OyzyaH 
MepeCaKeHHbIM Ha Hee, TaKKe CHHTESHPOBAM OKCHTeTPalHKJIMH, MAEM we 
«OeJIbIX” MYTAHTOB M B 9THX YCJIOBHAX AHTHOMOTHKA He OOpa3oBbIBall. 

UroOpl mpoceqvTb JMHaMUKY HaKOMJeHHA HeM3BecTHOrTO X-BelleCTBa B 
KYJIbTYPaJIbHOM 2KHAKOCTH y mMyTaHTa T-12, c OHOH CTOPOHBI, H BLIACHHTb 


Ta6auna 3 


I]poqommuTeIbH, BbIPalMBaHUA MyTaHTa T-12 Ha KVIbTypasbHoOH 
XKUAKOCTH, CYT. 


Bospact 
MULeaHA 4 2 3 5 
MytaHTa = |————______—_ 
T-572, cyt. aK- TIpopyK- aK- npogxyk- ak- mpoyyk- aK- mpowzyK- 
THBH., THBH., THBH.,| KTHBH.,| THBH., THBH., THBH., | THBH., 
+ /Ma /Mr | > /MaI _/Mr /MJI y/Mr ¥/MI y/Mr 
1 130 12,4 | 200 20,1 140 23,0 125 20,2 
2 150 14,8 400 34,2 572 34,5 410 38,0 
3 215 17,4 445 34,6 400 31,5 360 31,0 
5 65 139 56 5,0 68 3,0 61 PAST 
Ilpumeuauue, ITlpoxyxTuspnocTh BbIducCNANach MyTeM MeseHHA MAaKCHMAJIbHO 


AaKTHBHOCTH (¥/MJI) Ha Cpef\Hull Bec MHWemHA (MT/MJ). 
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CMOCOOHOCTb K CHHTe3y aHTHOMOTHKAa y MuenuaA T-572 B 3aBHCHMOCTH OT BO3- 
pacta, C Apyrou, NpoBoyusacb Nepecayka MULeHA «YepHOrOy MyTaHTa B BO3- 
pacte 1, 2, 3 4 5 CyTOK Ha KyJIbTypaJbHble *%KMAKOCTH MyTaHta T-12, Berpamu- 
BaBlueroca B TeyeHHe 1, 2, 3 u 5 cyTox (Tada. 3). 

Kak BHHO W3 JaHHBIX TAO. 3, 1-cyTOUHad KYJIbTypasbHad MKUAKOCTb My- 
Tanta T-12 oOmaqaeT HauMeHbilielt CMOCOOHOCTHIO CTHMYJIMpOBaTb O6pasoBa- 
He OKCHTeTPalUKJIHHa, MOCKOJIbKY MHIeMM «yepHoro» MyTaHTa T-572, He3a- 
BHCHMO OT BO3pacTa, OOpa3yeT Ha STON KYJIbTYPaIbHOM 2KUAKOCTH HeGOVbIIOe 
KOJIHYeCTBO aHTHOnOTHKAa. bovblle Bcero AHTHOMOTHKA HaKallIMBaeTCA Ha KYJIb- 
TyPpaIbHOM %KUAKOCTH 3-cyTOUHOrTO «6enoro» myTaHTa. Ilo-Bua_MMOMy, CHHTe3 
X-BelleCTBa «OeJIbIMH> BapHaHTaMH OCYLLeCTBIAeTCH MpakTH¥YeCKH B MepBble 
WBOe CYTOK HM K TPeTbHM CyTKaM OOpa30BaHHe ero MOCTHraeT MAKCHMaJIbHOrO 
3HaueHHA. TO KacaeTCA BO3pacTa MMIleHA «YepHOrOy MyTaHTa T-572, To qaH- 
HbIe TAO. 3 CBHJCTEJILCTBYIOT O TOM, 4TO HaHOOIbIUeH CNOCOOHOCTHIO K OOpa- 
30BaHHIO aHTHONOTHKA OOsIaqaeT 2- u 3-cyTOUHbIN MUWenHH, a l-cyTOUHDI Mule- 
WMU OOaqaeT MeHbIUel MpOyKTMBHOCTbIO. OmHakO ero MeHbINadA MpOLYKTHB- 
HOCTb Ip Nepecayke Ha KYJIbTYPaJIbHY!O XHAKOCTH MOCse pocTa B Hell MyTaH- 
ta T-12 B Teuenne 2, 3 u 5 CyTOK MOXKeT ObITh CBA3aHA C HEMOCTATKOM MHTATeJIb- 
HbIX BeWLCCTB B 9STOH KYJIbTYPaJIbHOM 2KMJKOCTH. 5-CyTOUHbIM MHUeJIMH BO BCeX 
STyuaAX OOpPa3OBbIBasl OUCHb HEOOJIbUIOCe KOJIMYeCTBO aHTHOMOTHKa. 

Urax, o6pa30paHve aHTHOHOTHKa JBYMA HeaKTHBHbIMH MyTaHTamu Act. 
rimosus HaOOsaeTCH He TOJIbKO IIpH HX COBMeECTHOM pocte, HO MH IIpH 
fepecayKe MHIeJIHA OJHOTO U3 MYTaHTOB Ha KYJIbTYPaJIbHY!O XUAKOCTH Apyro- 
ro. Ilo-BuqMMOMy, B KYJIbTypaJIbHOH %HKOCTH 9TOTO MYyTAaHTa COjlepxKHTCA 
KaKoe-TO X-BelllecTBO, CHocoOcTBylolllee OOpa30BaHHio OKCHTETP alNKJIMHAa MHIe- 
mueM Jpyroro MyTaHTa. 

BplAcHeHHe MpHpObI STOTO BeleCTBA ABJIACTCA 3aavel JaIbHeHWIMX HCCJe- 
{OBaHHH. 


Tlocrynuio 
11 VI 1960 
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MHKPOFHOJIO‘IH A 


E. H. KOHJAPATbEBA u B. 9. YCIKEHCKAA 


OBPA3SOBAHHE BUTAMHHA B,, ®OTOCHHTESHPYIOWIMMH 
bAKTEPHSAMM 


(ITpedcmaeaexo axademuxom B. H. Manownuxoeom 30 VII 1960) 


Buramuyu B,, u ero MpOu3BOMHbIe OOpasyIOT pasJIMUHble MpescTaBuTenu 
reTepOTpoHbIx GakTepHit. HefaBHo Obll0 yCTaHOBJIeHO TaK2Ke, UTO XEMOABTO- | 
tpotbpt Nitrosomonas (*)u Thiobacillus thioparus (? ) collepxkar B KjleTKax HeOOJIb- 
IMe KOMYeCTBa BUTaMHHAa Byy. IpeyctaBaano HHTepec BbIACHHTb, OOpa3yioT | 
JIM MOLOGHbIe COeEMHeEHHA CPOTOCHHTesupyloulHe OakTepHv, Tem Coulee, UTO STH | 
MUKPOOpraHH3Mbl YacCTO BCTPeyalOTCA B 3arPpASHEHHBIX BOWOeMaX M Hax, re 
HaxOJAT BUTAMHH By. B sTHX WesIAX OblIO MpOBeMeHO UCCJIeEMOBaHHe pa3svIHy- 
HbIX BUJOB (POTOCHHTeSUpyIOWHX OakTepul; 3eeHbIxX cepoOaktTepuk Chlorobium 
thiosulfatophilum, Chloropseudomonas ethylicum u mypmypHbIx OakTepyii | 
Chromatium minutissimus u Rhodopseudomonas palustris. ) 

Chl. thiosulfatophilum u Chr. minutissimus KybTHBYpOBalH Ha cpefe 
Jlapcena (°), B cocTtaB KoTOpoH BxoguT: NH«Cl 0,1%, KHe2POs 0,1%, NaCl 
0,1%, NaHCOs 0,04%, MgCle 0,05%, CaCle 0.01%. aa Chl. ethylicum 
KouuuectBo MgCle B cpeze Jlapcena yBemuunBamu fo 0,5%, a NaCl no 2%, 
TaK KaK 9TH OakTepHH Ob BbIJeeHbI 43 comenoro'pojloema (°). R. palustris 
BbIpalluBasH Ha cpepe BaH Hua (8), conepameh: (NH,). SO, 0,1%, KzHPO, 
0,1%, NaCl 0,1%, MgSO4 0,05%, NaHCOs 0,04%. Bce cpembt roToBusIM Ha 
JUCTHJIJIMpOBaHHOH Boye, K KoTOpoH oOaBianH B u Zn no 100 y, Mn u Cu 
mo 5 y, Fe 2 mr u Co B Kosimuectse oT 50 y 40 5 Mr Ha suTp. Kpometoro, k cpe- 
yaM mlocsle HX CTepHrHsalHH WoOaBamH 0,1% ofHOrO M3 CJeLyIOWHXx coeqMHe- 
Hu: NaeS - 9H2O, NaeSeOs, sTaHosa, TuIIOKO3bI, YKCYCHOH, MpOmHOHOBOH, 
AHTapHOK KuCJIOT. Ja co3qaHHaA aHadpOOHBIX yCJIOBHH BMeCTe C THOCyJIbda- 
TOM HJIM OpraHWuecKHMH COeqHHeHHAMM BHOCHIM Takxe 0,02% NasS. Ha mu- 
HepaJIbHOH cpeze c NaeS pa3sBHBaHCb BCe HMEBINHeCA BHbI POTOCHHTeSUpyio- 
mux OakTepHu. TuocympiaT npumMenaau B ombitax c Ch. thiosulfatophilum u 
R. palustris. Ha cpeqax c sTaHoJIOM, TviOKO30H HIM yKCyCHOH KuCOTON pociu 
Chl. ethylicum. Ha cpemax c opraHwueckKHMM KHCIOTAMH BbIpalluBanu o6a 
Bua WypilypHpix OaktTepuh. Jina KYJbTHBUpOBaHHA OakTepHi UCMOJIb30BaJI 
CTCKJIAHHbIC (IaKOHbI C IPHTepTLIMH NpOOKaMM, KOTOPble Moce 3anoJHeHHA 
cpeOH MOMelLasIH B OCBeIIeHHbIM TepMocTaT Ha 30°. 

KoumuecTBeHHoe ompefeseHue BuTaMMHa By, MpOBOLMNOCb MUKpoOuoOrH- 
yYeCKHM IIpoOMpouHBIM MeTozom (°). TecT-opraHu3MoM sBJasIca wTamM. E. coli 
113—3. [na onpeqenenua KauecTBeHHOrO cocTaBa KOOJaMMHOB MpHMeHsAJI 
MeTOL OMoaBTorpadun (1,7). BrrmeteHHe KOOaMHHOB MpOM3BOMJIOCb H3 KYJIb- 
Typ OakTepHit B Bospacte 2, 4, 7 u 10 nHel. 

IIpopenenHble UCCyIelOBaHHA MOKasasIM, UTO BCe yKa3aHHble BbIllie (POTOCHH- 
Tesupyloulne OakTepHu OOpa3syloT coeMMHeHHA, OGecneunMBalomlHe pocT E. coli 
Ha Cpeze 6e3 20OaBeHuA BUTaMuHAa Bj. OTM BelllecTBa COJepKAaTCH TOJIbKO B 
KuleTKaX M HE BBbIJeJIAIOTCA B Cpeqy axe B 10-2HeBHEIX KyJbTypax. Bpwio 
TaK%Ke OTMeYCHO, YTO IPH NOOaBseHuU K Cpese, Ha KOTOpyto BbIceBasH E. coli, 
BbITAKEK H3 KNeTOK Chromatium, poct E. coli uacro 3amepxKuBaeTca, H M0- 
MYTHEHHe CpeJbI CTAHOBHTCA 3aMeTHbIM uepes 48 uac. Ho B cpeye, Ha KOTOPOH 
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pocuu Chromatium, He oKa3aocb BellecTB, TopMosamux poct E. coli. Oue- 
BHIHO, OHH BBIJeJIMIOTCA M3 KJIeTOK BMeCTe C KOOaMuHaMH. IIpu pocte doTo- 
CHHTeESHpyloulMx OakTepH Ha MHHEPaJIbHbIX cpeax WIM Ha Cpeax Cc OJUHA- 
KOBbIMH OPraHHYeCKUMH COe€IMHEHHAMH 06a Bua 3eleHbIX OakTepHi u Chro- 


matium oOpa3y!oT HecKObKO Ooubuie KOOamuHoB, 4em R. palustris (cM. 
Ta6m. 1). 


TaOauna 1 


O6pasopanue BuTaMHHa By. POTOCHHTesHpywWMMMU OakTepusmMu pH pocte 
Ha pa3HbIX- cpeyax (B rpaMMax Cyxoro BeCa KJI€TOK H3-KYJIbTYPbI B BO3pacTe 
4 u 7 quen) 


Chl. thiosulfa- Chr. minutissi- 


7lo6apKa K cpeze (0,1 %) tophilum. Chl. ethylicum mus R. palustris 
NaS 9 HORS 9 PA oft. 
NaeS2O3 8 5 Pas 
Troko3a 5 

STaHoN 3 

Stavnom-+NaeS 2 

YkcycHasd -K-Ta 3 2 0,4 
IIpomuouopas K-ta 5 0,9 
AutapHas K-tTa 5 AES 


BmecTe C TeM OKa3aJIOCb, YTO IPH pocTe Ha MHHEepaJIbHbIX Cpemax C CepHH- 
CTbIM HaTpHeM HJM THOCybdaTOM BCe (OTOCHHTe3supyloulMe OakTepHu oOpa- 
3yloT B 2—5 pa3 Oosbule KOOaMHHOB, ¥eM Ha Cpeyax C OpraHwuecKHMH CoeLH- 
HeHHAMH. OTA 3€KOHOMEPHOCTb COXPaHAeTCA B KJeTKAX Pa3JIHUYHOTO BOspacta. 
Ho TpH OfHOBpeMeHHOM OOaBeHHM K Cpesle CepHHCTOTO HaTPHA UM 9TAHOA 
Chl. ethylicum o6pasoppipanu mpwMepHoO Takoe *%Ke KOMYECTBO KOOJAMHHOB, 
Kak Ha Cpejle C OJHHM CIHpTOM. Bo3MOxKHO, STO CBA3aHO C TeM, YTO Ip HaJN- 
YMM CepOBOOpoya UM CHupTa 3eeHbIe OaAKTePHU HCMOb3yIOT BHAaYaJIe TOJIbKC 
cnupT. Ectb ocHoBaHHA MOaraTb, YTO 3TAHOJI HE TOJIbKO CJIy2KHT OKHCJIACMBIM 
COeMHEHHEM Tp MOTOBOCCTaHOBJICEHHH YrJICKHCJIOTH, HO uciomb3yeTca Chl. 
ethylicum Kak ucTouwHHk yraepona (°). Tak Kak oOpa30BaHHe BUTAaMHHAa Byy 
MHMKPOOpraHH3MaMH JIMMHTHpPyeTCA HaJIMUMeM KOOaIbTa, TO ObIIO MpOBepeHo, 
qoctaTouHo wu 50 y/n Co Aa MakCHMaJsIbHOTO O6pa30BaHHA KOOaMHHOB (POTO- 
CHHTeSHPYIOUMMH OakTepHAMH Ha yKa3aHHbIX cpesax. OKasaslocb, 4TO yBeJH- 
yeHue B cpege Co oT 100 y no 5 r/n He CTuMysIMpyeT CHHTe3a KOOJAMHHOB UH ~ 
He BJIMA€T Ha CKOpocTb pocta R. palustris u Ch. thiosulfatophilum. Ho poct 
Chromatium u Chl. ethylicum mpu cozepxxanuu Co 2 mr/a M BBILIe TOPMO3HT- 
ca. TloctaBneHHbie OvoaBTorpaMMbl MOKa3aJIv, TO u3syyaemble SOTOCHHTESH- 
pyloulHe OakTepHu, OUeBHIHO, OOpasy!OT HECKOJIbKO TMICBeEOBHTaMHHOB By2. 

TakuM 06pa30M, M3 NpOBeMeHHbIX MCCJIeOBaHHH BHLHO, YTO POTOCHHTESH- 
pytomlve GakTepuu OOpa3y1oT akTuBHble Asia E. coli KoOaMuHbI B KOJIMUECTBAX, 
KOTOPble CHHT€E3HPY!OT MHOrHe reTepOTpOHbIe MHKpOopraHHsmMbl. 113 nosyuex- 
HBIX J@HHBIX, MpeNCTaBJIeHHbIX B TaOs. 1, ceqyeT TakiKe, YTO IA MporeccoB 
oOMeHa OTOCHHTe3upyiollux OakTepHi Ha MHMHePaJIbHbIX Cpesax, T. e. MpH 
(oTOABTOTPOPHOM pa3BUTHH, TpeOyeTcA Oobe KOOJAMMHOB, 4eEM Ha cpeax 
C OpraHHyecKHMH COeHHeHHAMH. 


MockosckHit TocyZapcTBeHHbIt yHHBepCcHTer Tlocrynusio 
um. M. B. JlomoHocosa 29 VII 1960 
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7W. Ostrowski, A. Kraweryk, Acta biochim. Polon., 5, Ne 4 (1958). 
§C. B. von Niel, Bacteriol. Revs, 8 (1944). 
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Jloxrnayp Akayemuun nayr CCCP 
1961. Ton 136, Ne 3 


BHO®H3HKA. 


B. J]. PJIESEP, HW. HW. WYKKEPMAH u T. M. WbIKYHOBA 


O 3ABHCHMOCTH MPONYCKHOH CNOCOBHOCTH 3PEHHA 
OT APKOCTH 


(ITpedcmaeaeno axademuxom B. H. Yepxrouueeckum 28 VII 1960) 


IIponyckHasd CMOCcOOHOCTh 3peHHA, 9TO TpefesIbHOe KOJIMYeCTBO HH@OpMa- 
IMM, KOTOpOe MOET ObITh BOCIPHHATO MOSIOM Yepe3s 3PHTeJIbHy!O CHCTeMy 3a 
e€HHHUy BpeMeHH. Ee BemwunHa B ONTHMAJIbHEIX YCJIOBHAX pacCCMaTpHBaHHA 
uMeeT NOPAQOK HeCKOJIbKHX JIe@CATKOB JBOHUHEIX e€JHHHI, HHOPMAMH B Ce- 
KyHay (’). 

Ilembio sTOH paOoTh! Oplio HCcCIeMOBaHHe 3aBHCHMOCTH MpomycKHOH cimoco6- 
HOCTH 3peHHA OT sApKocTH. M3mMeHeHve APKOCTH OCYIULECTBJIAIOCb C MOMOLLbIO 


80 HeHTpadbHbIX PUJIbTpoB. B ocTasIbHOM 

SEH eEG ET MeTOAHKa Oblia Ta 2%Ke, JTO H B padoTe 
el J 69 Cuxaau (1), B KOTOpOH C MOMOLLbIO Te- 
o JICBH3HOHHOH yCTaHOBKH U3MepsAJlaCb 


4 CKOPOCTb 3PHTeJIbHOrO BOCIIPHATHA. 
i Mcnpityemple ObIJIH XOPOWIO HaTpeHHpo- 

%  BaHbl Ha ONO3HAHHH 8 MpOcTExX Kpym- 
0 HbIX (NOpasqKa 2—4 yrsOBbIX rpayycos) ~ 


| IIpeMeTOB C KOHTpacTOM oKOIO 80%, 

ie im | F : ; as : Sa NIPCMbABMABLUIUXCA B CJTyYYaHHOM NopsAy- 
xe. [IpomycKHan CNOCOOHOCTbh M3Mepa- 

109, 8/4 ponyckHaa H pa 


mach Kak C= H/T yp. en./cex., rye T— 
Puc. 1 BpeMA, HeEOOXOANMOe JIA MpaBHJIbHOrO 
ONO3HaHHA OFHOTO IpeyMeta, a H = 

= log.B = 3 2B. e.— KONMUeCTBO Oy GeHHO MpH STOM HHCOpMaUH. 

' Ha puc. | (cpeqHee no 4 ucnbITyeMbIM) NoKa3aHa 3aBHcHMocTh C oT sora- 
ee OTHOWeHHA aApKocTH B k B,— HatabHOH saApKocTH (mopayKa 100 aco 
B Gev1oM). IIpu Masmprx ypoBHAx sIpKOCTH IipolycKHasd CnocoOHOCTb pacTeT 110 
JIMH€HHOMY 3aKOHY C BO3pacTaHHeM sOrapudMa APKOCTH, Kak NOMKHA Obia ObI 
BO3PaCTaTb IPOMyCKHad CNOCOOHOCTb HeasIbHOH CHCTeMbI CBA3H B 3aBHCHMOCTH 


OT MOWLHOCTH MOesHoro curHavia (”). YBeHYeHHe APKOCTH BABOe Ha STOM yUacT- 


Ke IPHBOMT K BO3PaCTaHHIO MpOMycKHOH CHOCOOHOCTH TIpHOIH3HTeIbHO Ha 
10 ap. eg./cex. 

ConocraBias JIMHeHHYyIO 3aBucHMocT C oT log,B c MHelHOM 3aBHCHMOCTEIO 
OCTPOTbI 3peHHA OT log B, MOxHO TipenOsIOKUTb, YTO B OCHOBE Me€XaHH3Ma 
YBeCIMYeHHA MpomycKHoli cnocoOHocTH Ha 3TOM yuacTKe JlexKUT Ipeodpasopanue 
o6bema SPUTebHOTO KaHawa (?). 

IIpu anbuekiiem yBeHYeHHM APKOCTH B YCJIOBHAX MPOBeMeCHHA OMbITAa OCT- 
poTa 3peHHA yxKe He OFpaHHyHBaa OMOSHABaHHe MpesMeTOB H JOCTHTalacb 
IipeleJIbHaA CKOPOCTb BOCIpHATHA. 


Uuctutyt pusnosornu um. VW. II. Masnosa Tlocrynuso 
Akajemun Hayk CCCP 26 VII 1960 


HMTMPOBAHHAA JIMTEPATYPA 


1G. S. Sziklai, Trans. Inst. Radio Engineers, IT-2, Ne 3, 125 (1956). 2? K. Ileun- 
HOH, COopH. Teopna unpopmauuu uv ee npHuiowkenua, M., 1959, crp. 82. %B. TW. Fae 
3ep, WM. WM. Wykkepmaun, bBuodusuxa, 4, 55 (1959). 
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WTonrnayn Akagqemun nayr CCCP 
1961. Tom 136, N 3 


PH3ZHOJIOTHA PACTEHHH 


A. A. THTJIAHOBA u B. H. HBAHOB 


NOrJIOWVEHWE WE3SHA TPEMA BUX AMH MPECHOBOJIHbIX 
PACTEHHM W3 PACTBOPOB PA3JIAUHOM KOHILEHTPALLHH 


([Ipedcmaéeaeno axademukom A. JI. Kypcanoeeim 8 VIII 1960) 


J{anuble O MOrOUeHHH VM HaKOMJIeHHH 2KMBbIMH OpraHW3MaMH MMHepauib- 
IX BellleCTB 3 CpebI UMeIOT OO/IbIIOe SHAYeHHe JIA H3yYeHHA POJIM 2KUBbIX 
MNOHEHTOB Onocdepb! B reOXHMHYECKUX TpoleccaX MUIpalluu, KOHIeHTpalHH 
JaCCEAHHUA XMMHYCCKHX 9JIEMEHTOB B 3eEMHOH Kope (1,7). 

B cBa3H C HeyCTpaHeHHOH elle OMaCHOCTbIO MpOHMKHOBeHHA B OHocdepy 
3MYHbIX PaJMOH3OTONOB BOIpOC O NMOFIOULeEHHH MW HaKOMIeHHH 2HBbIMH 
TaHH3MaMH XHMMHYCCKHX JJIEMeHTOB U3 Cpefbl (OCObeHHO U3 COCTOAHHA pac- 
AHHA) IpWOOpeTaeT Tak?Ke BaxkHOe MIpakTuyecKoe 3HayeHHe (°). 

B wuTepaType uMeeTca OobWIOH deHOMeHOOrMYeCKHH MaTepuas MO KO3p- 
WMeHTaM HaKOIMeCHHA (= KpaTHOCTb HaKOMJIeHHA = (bakTOp KOHUeCHTPH- 
BaHHA, T. €. OTHOMeHHe KOHICHTpalluH KaKoro-HOO BellecTBa B H3yyaeMOM 
OJOPHYeCKOM OObeKTe K KOHICHTPallHH ero B Cpese) pa3IHUHbIX payHo- 
OTONOB Pa3HbIMH BUJaMH YKMBOTHIX, paCTeHHii H MHKPOOpraHH3MoB, OCOOeH- 
‘Tuapoduontos. (47°). OnqHaKko cBeqeHUA, MOFylHe MpOJHTb CBeT Ha MeXaHH3M 
ouecca MOPIOUeHHA HM HaKOMJIeHHA XHMHMYECKHX IJICEMEHTOB 2KHBbIMH OplaHHs- 
MH (OCOOCHHO HaKONMJI€HHA MUKPOKOHIUeHTpalHli 93JIeMeHTOB), JJOBOJIbHO 
Pp AHHYCHEI. 

B HacTOAMeM COOOULEHHH TIpHBeeHbI JaHHble O NOFVIOMeEHHH WesHA (H30- 
m wesua Cs'®? aBaaeTCH BaxkKHbIM JIOJITOXKMBYLWLMM PpafMOaKTHBHbIM KOMIIO~ 
HTOM CpeJH MpOAyKTOB JleseHHA ypaHa) TIpeCHOBOAHBIMH paCTeHHAMH: 93J10- 
ei (Elodea canadensis Rich.), packxou (Lemma minor L.) u porojucTHHKOM 
eratophyllum demersum L.) m3 pacTBopos WesHA pasJIH4HOH KOHIeHTpalun — 

10-® no 10°? r-3KB/u. ‘ 

Lle3suu Obl B3AT B Bue CsCl c OOaBsIeHHeM HHAJMKATOPHbIX KOJIMYeCTB 
137 B HaMMeHbivel KOHIeHTpauu Cs'?? 6e3 cTaOHJIbHOrO HOCHTeIsA. PacTBOpbl 
HPOTOBJATHCh Ha O3epHOH Boe (pH 8; KOHWeHTPall¥aA OCHOBHbIX KaTHOHOB: 
125, Mg 9u N + K 10 mr/an). B ycTanosBmeHHble CpOKH OpaJHCb H BbICyLIH- 
JHCb MpOObl pacTeHHli H M3 HHX TOTOBHJIMCb CTaHapTHble lpellapaTbl AVA 
MepeHHA paqHoaKTuBHOcTH (°), KOTOPOe MpOH3sBOLMIOCb Ha ycTaHoBKe B-2 
TOPILOBbIM CyeTUHKOM. OOmlad KOHIeHTPaluA We3HA B PaCTeHHAX PaccuUTHI- 
jaCb B paMM-9KBuBasleHTax Ha | r cyxoro Beca. IIpeyBaputebHbIe OLbITHI 
Ka3aH, UTO KOHICHTPalsA We3HH B pacTeHHAX OowIee WH MeHee cTaOMH- 
pyetcaA Ha 3—7 jeub onbita. 

Ha puc. | cepa (/, 2) IpuBemeHbI WaHHble O NOPMOMLeEHHM We3nA s10NeeH 
PpACKOH W3 pacTBOPOB pa3HUHOH KOHUeHTpauNH. IIpupezenuble sHayeHHA 
JIMIOTCA CpeqHHMH 3a 2—4 uHenemH onpita. [paduk moKa3pipaeT Hayne 
IMOH IIPOMOPUHOHAbHOH 3aBHCHMOCTH Me?K]LY KOHIeHTpalnei We3sHA B pac- 
HHAX H B pacTBope. 
/PesymbtTaTbI BToporo aHasOrMyHOroO OMbITa (OObeKTbI — POroJIMCTHHK Hi 
Oed) MpeacTaBsieHbl Ha Puc. 1 cnpapa (/, 3). SHaveHHA KOHUeHTpalHN Le- 
dB pacTeHUAX COOTBETCTBYIOT 7 JHIO ObITa. Kak U B MepBOM OMbITe, HaOJI0- 
eTCA MPAMAA MpONOPUHOHAIbHOCTh KOHIeHTPalun WesHA B pacTeHuAX ero 
HICHTpallHH B pacTBope. 


| WAH, rv. 136, Ne 3 (A 


B| 
4 


Tloqo6Hoe COOTHOWeHHEe: KOHUeHTpalluA 3/IeMCHTAa B pacTeHHH/KOHIeHTp a 
IA SuleMeHTa B pacTBOpe = const, T. e. He3aBHCHMOCTb KOSPHUMEHTOB Ha 
KOIJIHUA OT KOHICHTPallHH B WIMPOKUX Mpezemax, Opwi0 oTMeyeHO DpyHoscKu 
u Kynamenol quis panua (™) 4 Tumodeesoit-Pecoscxoli u Tumodeesbim-Pecos 

6 
CKUM JIA pyTeHHa (°). 


-IiKB Ci 
ek Ve cyt. beca g 


es 
a a Me eR ee I A STM IS 
0° 0° 10 1° 10° 1206010 10° 10° 10° 10 10 e-axb{n 
{Cs} 6 pacmbepe—> 


Puc. 1. Tlorsomenue we3sua smofeet (1), packot (2) u poromucTHu- | 
KoM (3) 43 paCTBOpOB pa3JIHUHOH KOHILCHTpPalHH = | 


Ec. IpHHATb BO BHUMAHHe, YTO MPONOPUMOHAMbHOCTh NOTMOMLEHHA WesHA 
pacTeHHAMM eFO KOHIeCHTPallHH B pacTBOpe HaOwOfaeTcCA Ha cboHe NOCTOAHHOU 
CYMMapHOH COeBOH KOHI[CHTPallMH PaCTBOPOB, MOXKHO CfesaTb 3aKksIOUeHHe, 
UTO. MOMIOWeHHe We3HA pacTeHHAMH (BO BCAKOM CJlyuae B OO/ACTH KOHILEHTpa- 
wun 10°°— 10° r-9Kp/m) nomauHAeTcaA 3aKoHy Teupuv. STO MOET CJLYKUTS 
JOBOJOM B MOIbsy COPOMMOHHON NpHpOAb! M€XaHH3Ma NOFMOWLeHHA WesHA pac- 
TCHHAMH, YTO COrmacyeTCA C Pa3BHBaeMOH MHOFHMM aBTOpaMH HM OCOOeHHO OT- 
yeTHBO ccbopMyHpoBaHHoH JI. A. Ca6ununpm (') copOuHOHHOH TeopHel Mmpo- 
ecCa MOPOULeHHA PaCTeHHAMH MMHepaJIbHbIX BeWLeCTB H3 Cpesbl. 


Tlocrynuao 
3 VIII 1960 


UWHTHPOBAHHAH JIATEPATYPA 


1B. HW. Bepuagekuh, Buoreoxumuueckue ovepku, Us3snq. AH CCCP, 1940. 
2A. Tl. Buuorpagos, Yen. xum., 7 (1938). #®H. B. Tumobeesp-PecosB 
@ Kin, (bor. oKypH.71425 2 (19575, Se (CAG iplomm anos, Meee silivenieedecnenne 
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Science, 127° (1958). . 2B.’ H: Bp ymopekau, Ko I. Ky ham eB a.) ip sovonca 
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PHTOM ATOJOLH ff 


B. E. COKOJIOBA, O. H. CABEJIBEBA u Tf. A. COJIOBbBEBA 


O TOKCHYUHOCTH KO®EHHOH HW XHHHOUW KUCJIOTH! 
MO OTHOWEHWIO K FPHBY PHYTOPHTHORA INFESTANS 


(IIpedcmaeaeno axademukom A. H. Onapuxem 6 VIII 1960) 


Pay uccileqoBaTedeH, 3aHMMaIOWNMXCH BOMpOCaMH ycTOMYMBOCTH pacTeHuii 
MO OTHOINeEHHIO K MaTOreHHbIM MHKPOOpraHu3MaM, HM B YacTHOCTH K Phytophtho- 
fa infestans, CBaA3bIBaeT CMOCOOHOCTh paCTeHHH MpOTHBOCTOATL MOparkKeHulo C 
3aULHTHBIM JeHCTBHeEM XOporeHOBOH KucOTHI (‘~*). OqHaKO, MO HalIMM JaH- 
HBIM (°), MOJIYYCHHEIM IPH HCHbITAHHH elCTBUA YHCTOTO Mpenapata 2TOL KHC- 
moTbI Ha poct Ph. infestans Ha ucKyccTBeHHOH cpefe, xOporeHopad KuCaOTAa 
He TOJIbKO HE OKa3bIBaeT TOKCHYECKOFO JeHCTBUA Ha (UuTO*TOpy, HO 3HauUTe/b- 
HO CTHMYJIMpyeT pocT sToro rpHOa. Cuenyer OTMeTHTb, YTO MaKCHMabHan US 
HCIIbITDIBABIUHXCA HAMM KOHIeCHTpalMH KMCOTHI (2 Mr Ha | Ma cpegb) Obiua 
3HAYHTeJIbHO BbIlWe COeEpKAaHHA XJMOPOFeHOBOH KUCJIOTLI B KJYOHAX KapTode- 
i, KOTOpOe OOBINHO He MpeBbitaeT 125 mr-%. Pe3yabTaTbl 3THX ONbITOB XO- 
pOwlo COriacy!oTCcA C Ooslee pAaHHHMH HaOwOAeHUAMH (°), MOKa3aBLiMU, 4TO pH 
MOpaxkeHHH PuTopTopoh KsyOHeH KapTodesA y ycTokuuBoro kK 9xTOMy 3a6oue- 
BaHHIO COpTa COsepxKaHve XJOPOreHOBOH KUCJIOTHI B MeCTe TopaxkeHua, rye 
OOpasyeTCA HeEKPO3, 3HaAYHTeJIbHO HMKe, YEM Y HeycTOHuNBOrO, He COpa3yic- 
mero Hekpo3a. IIpH sTOM MOBbIWeHHOe COZep%KaHve XJIOPOTeHOBOH KHCJOTHI 
B MOpaxKeHHbIX (uTopTopoh TKaHAX KJyOHeH HeycTOMUHBOrO COpTa OTHIOZb 
He IIPeMATCTBYeT paspacTaHHiO MHLUeJIMA Mapasura. 

Bee 9TH akTbI NOSBOJIMIH MpeAMOJO*KHTh, YTO 3allLUTHOe JeliCTBHe XJOpO- 
TeHOBOM KUCJIOTbI, OTMeYeEHHOe PAJIOM HCCJIeqOBaTeIeH, CBA3AHO He CTOJIbKO C 
ee COOCTBEHHOH TOKCHYHOCTHIO, CKOJIbKO C TOKCHYHOCTHIO MpOLyKTOB ee paciien- 
eHHuA — KOeHHOH WH XHHHOH KHCJIOT. 

B «uTepaType uMeloTCA yKa3aHHA Ha TOKCHYHOCTb KO*eHHOKM KUCJIOTHI He 
TOKO JIA PUTOMATOreHHbIX MUKpoopraHH3smos — Helminthosporium carbonum 
u Fusarium nivale (?,4), Ho Hu 48 payja MHUKpOOOB, MaTOreHHbIX JIA YeOBeKa. 
Bpii0 MOKasano (*), YTO KO*eliHad KUCJIOTA 3aepKUBAeT POCT Opylle, a Take 
30IOTHCTOTO cTapUuIOKOKKa, AHpTepHHHOH NaouKH, MpoTes x-19 B pasBeze- 
Huu | : 200 000 u Ty6epxye3HOl ManouKu B pasBeyenun | : 8000—1 : 5000. 
Ha OCHOBaHHH 3THX JaHHbIX aHTHOMOTHYeECKHe CBOMCTBA HEKOTOPbIX pacTeHUli 
CBASbIBAIOT C HAJIHYHeEM B HHX MpPOHSBOMHbIX KOdeHHOM KuCOTHI. UTO xe Kaca- 
eTCH XHHHOM KUCJIOTHI, TO BOMpOC O TOKCHYHOCTH STOO COeAHHEHHA MO OTHOIIe- 
HHIO K (@HTOMATOreHHLIM MHKPOOpraHH3MaM JO HaCTOAIMLero BPeMeHH OCTABAJICA 
OTK PbITBIM. 

BpiiO pelieHoO HCHbITaTh TOKCHYHOCTS KOelHOH H XHHHOW KuCHOT AA Ph. 
infestans, BHOCH HX HeMOCpeACTBEHHO B Cpelly, MpeHasHayeHHy!O AIA BbIp allu- 
BaHUA rpHOa, MOOGHO TOMY Kak 9TO JeMaOCb B OMbITAX C XJOPOTeHOBON KHCIO- 
TOH. 

Hamu ucnomb30pamacb clenyoulad MeToywuKa. Unctbi mpenmapaT ucnbitye- 

Oli KMCJIOTHI JOOaBJAJICA B KAYeCTBE JONOJIHHTeJIbHOrO KOMMOHEHTA B TBEP] yo 
OBCAHO-arapOBy!O Cpely, OOBIYHO MpHMeHAeMYIO [WIA KYJLTHBUPOBaHUA CUTO- 
bropbi B aOopaTOpHEIX ycmoBuAX. J\nA Toro YTOOHI MpeXOTBPaTHTh paspyluenue 
pH HarpeBaHHu MO LaBsieHveM, KaK XMHHAA, Tak H Ko*ehHaA KUCJOTbI BHOCH- 
MCh B Cpely MOCe AaBTOKaBMpPOBaHHA, B CTepHJIbHbIX ycuoBUAX. IloceB KyuIb- 


14* 723, 


TYPbI MPOH3BOAMJICA OMHOBPeMeHHO B HECKOJIbKO CepHi MpOOupoK, OHA H3 KO- 
TOPbIX CONep2Kala OOBITHY!O Cpey HM CJIY2KUJ1a KOHTPOJIEM, a OCTAJIbHbIe — Ty 2Ke 
cpely C 100aBJIeHHeM Pa3JIMUHBIX KOJMYeCTB XHMHHOM MIM KOcelwOl KUCJOTEI, 
OscxHHO-arapoBad Cpefa KOHTPOJIbHOH CepMH MpesBapHTebHO MOMKHCAANACb 


COMAHOH KUCIOTON WO pH cpegbl ONbITHEIX MpoOupoK. Hamu HCHbITHIBaIMCh Be ~ 


KOHMeHTpaluuw XMHHOH KucOTHI (1 Hw 2 mr/a) H TPH KOHUeHTpalun Koetinol 
(0,5; 1 a 2 Mr/Ma). UacTb ONbITHBIX MIpOOHPOK, CORepKalllMX UCIbITyeMy!0 KHC- 
JIOTY, He 3aceBalacb (PUTOTOpOH MH CJIyAXNIA KOHTPOJIeM Ha CHOHTAHHOe OKHC- 
JieHHe BHeC€HHOM KUCOTH.~B OMbITaX YUHTbIBAICA BeC MUUeIHA HM ONpeqens- 
JOCb COJepKaHve HCMbITYeMOM KUCJIOTbI B MHIeJIHH, CHATOM C KOHTPOJIbHBIX H 
OMbITHDIX TIpOOupoK, 
KHCJIOTY. 

Kak MOKa3bIBaloT JaHHble, IPHBeeHHble B TAG. 1, XHHHAA KHCJIOTA He TO.Tb- 
KO He yrHeTala pocta PuTopTophl, HO 3HAYMTeMbHO yCHIMBaa ero. Bec mute- 


MH BO BCe€X BapHaHTax Cpeybl, COMep*Kallux HCUbBITYEMYFG. 


 VatOm aI aa 


DuManne XHHHO M KOdeHHOM KucaOoT Ha 
pocT Muueaua uToptTopp (cpeyquue 


Ta Oa 


PacxoyqoBaHue XHUHHOW u KopewHOw KUCAOT 
B pa3JIHUHBIX BapHaHTaX CpeAbI 3a Mepuoy 


TaHuble) pocra rpu6a Phytophthora infestans 
(cpequue aHHple; pacuer Ha 1 mpodupKy) 
Iipupocr (y6piatb) = , 
Bec muueaua, B Bece MHIe- > = iS 
Ss = mr c 1 mpoOupKu JIMA CO Cpejipl x O6napyxxeno mpu Se tS 
Bo c opr. K-ToA a CHATHH OMbiTa, Mr Ss a 
as Fs 2. 
“e : Ke ae 
asy 9 ae pe 
os OObIuH. cpeye 0 io = 6e3 3aceBa TpuOom Se Sry 
om cpege |c K-ToH AS 2 Qos os 
Om 
XHHHAA KUCIOTA XWUHHAA KuCMOTA 
ee 60 130 +70 | +4116,6 10/40 3,48 | 1,97 | 4,94 0,0 
240) 64 90 +29 |-+ 47,5 20/10 Vy as ee 4,88 14,8 
Kodbetuaaw KucaotTa KopbeHuHaa kKucaoTa 
OS | 80 Tse | eer i == Tas 5/410 Sal 4,1 nO) 2950 
LOW 87 63 —24 | —27,6 10/10 10,1 8,6 1,9 25,9 
2) | 150 70 —80 | —53,3 20/410 PAD Sa Paul 58,6 


| 


JIMA, MOYYMBIWerO XMHHY!O KMCJIOTY B KOHWeHTpawun | mr/M, Obi Gouee YeM 
B Ba pa3a Gouble Beca MHWemua KOHTpOA. I]pupocT B Bece MULeEIMA, BbIpa- 
I@HHOFO Ha cpese C KOHUeHTpalue KMCAOTHI 2 Mr/MJI, He CTOJIb BeJINK, OHAKO 
HB 3TOM Culy4ae BEC MHUeIMA C OMbITHBIX NpOOUPOK OblJI MOUTH B MovITopa pasa 
OobUIe BeCa MHIeIHA KOHTpOs. 

CopepwieHHO HHaA KapTHHa HaGsOMamach B NpOOMpPKaX, COseprxAallLUX KO- 
cbelinyio KucOTy. B sTOM CJlyu¥ae axe CaMaH HH3KaA KOHUEHTPalHA KUCJOTHI 
(0,5 mr/Ma) 3agqepxKuBasa pocr muueaua. IIpu konuenTpaiun | mr/MJ TOKCH- 
yeckoe JleHCTBHe KOPeHHOM KHCJIOTHI CKA3bIBaJIOCb elle CHJIbHee — BeC MUUeJHA 
M3 OMNbITHBIX MpoOupok Onli mowTH Ha 30% HKe BeCa MHIleIMA KOHTPOJA, 
a KOHIeHTpalna 2 Mr/MJI CHW2Kala HHTCHCHBHOCTb pOcTa MUlleMA Oomee 4eM 
Ha 50%. 

OnpemeeHHe cofepxanua KodeHHOH KUCJIOTbI B CMMPTOBbIX 9KCTpaKkTaXx 
(80% 3TaHO) 43 pa3JIMYHbIX BapHaHTOB Cpebl H MUMWeIMA, CHATOFO C OMIbITHbIX 
IIpOOMpOK, MpOBOAMMOCb Ha CHeKTpootometpe CO-4 npu AHHe BOHEI 290 My. 

Jia onpeleseHud coqep*xKaHHs XHHHOM KUCJIOTbI HCMOJIb30BaJICA MeTO], OC- 
HOBAaHHbIM Ha HOJIYYeHHM OKPACKH MIpH peaKUMH NpPOLyKTAa OKMCJIEHMA STOH KHC- 
JIOTb] C AHMJIMHOM, C MOCMeYIOULMM M3MepeHHeM Ha CrleKTpodotometpe C@-4 
pu AwaHHe Bown 510 my (8). 


PesybTaTbl OpeqeweHHi mMoKagaiH (Tabs. 2), YTO 3a NepHoy pocta rpHnoa © 


cofepxKanMe XMHHOM KuCuOTHI B 1 MpoONpKe B ONbITe C KOHMeHTpawuell | Mr/Ma 
YMCHbUIMJOCb B KOHTpovie Ha CHOHTAHHOe OKHCJIeHHe Jo 3,48 mr, a B OMNbITe — 
no 1,57 mr. Takum o6pas3om, B mpotecce pocta rpHOa ObI10 HCNOIb3OBaHO OKOIO 
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2 mr KucJIOTHI. Ta Ke KapTHHA HaGOMaaCcb UH B ONbITe C KOHIEHTpaineli 2 Mr/MiI. 
OgHakO B 9TOM CJly4ae KOJIMYeCTBO H3PaCXOJOBAHHO KUCOTHI ObIvIO 3HauH- 
TeIbHO Ooubiue (4,88 mr Ha 1 npoOupKy). AHanorMuHble JaHHble Obiiu Mosyue- 
HBI MW WIA KOeHHOM KMCJOTHI, XOTA B 9TOM Cy4ae KOJMYECTBO HCMOb30BaHHOIt 
KHCJIOTHI Obli0 HHKe. Kak TpaBHJO, HCYe3HOBeEHHe KHCJIOTHI U3 Cpembl HE CO- 
NIpOBOKLaOCb HAKOMVJIeEHHeM ee B MHWeIHH. XWHHAA KHCMOTA MpakTHYeCKh 
OTCYTCTBOBaIa B MHIeJIMH, a COfepxKaHNe KO*eHHOH KUCOTH B MULeIMH, 
CHATOM C OFHOH NpoOupkH, He MpesBpriiiano 60 yx. 

MoxkHo ObluiO MpeANOMO*KUTb, YTO HaOmMOLaBleecA UCYeSHOBeHHE KOCpeli- 

HOH HM XMHHOM KUCJIOT ABJIACTCA Pe3yJIbTATOM OKHCJIMTEJIbHbIX IIpeBpalleHuit 
KOTOPble HECOMHEHHO MOTJIM HMeTb MeCTO KaK B Cpese, TaK HW B MueHH. Jas 
TOrO 4TOOb! BLIACHHTb, He COMNPOBORKMAeTCA JH STO OKHCJIeEHHE HaKOMVJIeHHeM 
KaKHX-H6O COeAHHEHHH, OTCYTCTBYIONNHX B OObINHOH Cpeye HM B MUHIeHH, BbI- 
pallleHHOM Ha HeH, CNMpTOBbie 9KCTpakTHI (80% s3TaHOM) HZ BCeX Bapn- 
aHTOB CpebI UH MHIeHA ObIIM NOABeprHyTbI XpoMaTorpaduyeckomy pasjeue- 
HHO. 
_ YcuoBuA xpoMaTorpadupoBaHna Obl CueLyIOULMMH: XpOMaTOrpaMMa HHCXO- 
jslaa; GyMara — JIeHHHTpasckad MejVIeHHad; pacTBOpUTemb — cmecb H-Oy- 
TaHol — sey. CHsCOOH — H20 (4: 1: 5), oprannueckan cbasa. Momyuennpie 
XPOMATOrpaMMbl NIPOCMATPHBAIUCh NOL yAbTpaPHuoseToM, mocwe yero MposBJA- 
JMCb pP-HATPpOaHHIHHOM (peakTHB Ha cbeHOKap6oHoBble KucuOTHI), AgNOs u 
aHuJuHruApodtanatom (ATO). 

XpoMaTorpaMMbI M3 BapwaHTa C XMHHOH KHCJOTON, KpoMe Toro, pasroHs- 
JMCb B CMecH w30NponaHos — HCOH — H2O (100: 23: 77), opranuueckan 
cba3a. OTH XpOMAaTOrpaMMb! CJM WIA OOHAPYKeHHA XHHHOM KUCJOTHI Hi 
mposBaanuch 0,04% pacTBopom OpomKpe3sosia 3eeHoro B 96% sTaHoue. 

B kauectpe cBHyleTeleH B KaKJOM BapHaHTe HCMOJIb30Baacb Ta KUCJIOTA, 
TOKCHYeCKOe JIEHCTBHE KOTOPOH HCMbITbIBAIOCb B JaHHOM Culy4ae. 

Tlocne nposBmeHua OpoMKpe30,IOM 3eJ1eHbIM OOHAPyXUTb XHHHYIO KUCOTY 
(Rf = 0,07) ynanocb TobKO B cpeye — Kak B OMBITHEIX Npo6upKax 3-0 
MMIeJIHA, TAK HM B KOHTpOJIe Ha CINOHTAHHOE OKHCJICHHe; B MHILeIHH 2Ke, BbIpa- 
INCHHOM Ha cpesle, CoyepmKallel XHHHYIO KHCJOTY, NOCeIHAA HaliqeHa He ChI- 
ua. [latHa, npoaBuBiiMeca OpoMKpe30/JIOM 3e€JICHbIM Ha XPOMATOrPpaMMe 3KCT- 
pakTa H3 MHIeMA, BbIPawleHHOrO Ha XHHHOH KUCJIOTe, pacnonarawHcb BITE 
HW HWKE YPOBHA XHHHOM KHCJIOTLI, H KaK MIO OKpaCKe, Tak MH NO BewMunHe Rf 
ObINIH COBEPIICHHO TOXKECTBCHHI IATHAM, MOJIYYeHHBIM Ip XpomMaTorpadupo- 
BaHHM 3KCTPaKTOB H3 MHIleMA C OOLTUHOH cpenEl. AHavlorMyHad KapTHHa Obiia 
mosyueHa Ha XpOMaTOrpaMMaX 9KCTPaKTOB H3 OOOHX BapnaHTOB (cpeya +- XHH- 
Had KHCJIOTa W3-MO MUIlesMA H KOHTPOJIb Ha CNOHTAHHOe OKNCeHHe) IPH 
MpocMoTpe HX NOX yAbTpadHoseTOM HW NpoOsABeHHM p-HuTpoaHHHHOM, AgNOs 
u AI®. Vi B 3Tom cayuae He yaOCb OOHAPYXKUTb HUKAKHX pazMyNh MexKTy 
Cpeol 3-0, MHUeIHA H KOHTPOJIeM Ha CNOHTAHHOe OKHCJIeHHe. 

PassM4uve MexKAy MHIeHeM H3 OMBITHBIX H KOHTPOJIbHEIX MpOOMPOK OBIIO 
OOHapy2KeHO JIMUIb Ha XpoMaTorpamMax, nposxBueHHbEix AgNOs u AT®. B stom 
c1yuae B SKCTPakTe M3 MMLeHA, BbIPalleHHOrO Ha XHHHOM KHCIOTe, OTCYTCTEO- 
BaJIH MATHA abNOrekco3, pacnosiararoulvecd Mex*Ky JIMHHeM CTapTa HW NATHOM 
c Rf = 0,13 u xopomo BuyuMblIe Ha XPOMATOrpaMMAX SKCTPaKTOB 3 MHIeNA 
Cc OObIMHOH CcperE. 

IIpu mpocmotpe nod ybTpauoseToM XpOMATOrpaMM H3 OMbITOB C Koder- 
HOH KHCJIOTOH MOcNeIHAA Oblia OOHAPyxKeHa KaK BO BCeX BapWaHTax Cpebt, 
cojlepxKalluxX STY KHCJIOTY, TAK H B MHIeIMM, NOMyUaBeM KOeHHYIO KUCJOTY. 
OKCTPakT H3 MUIeUA, KPOMe TOrO, Tal pA CBETALIMXCA NATeH Mey JIMHMeH 
cTapTa HW MATHOM KodeiiHo KucmoTE (Rf = 0,2; 0,29; 0,35; 0,40; 0,46; 0,53; 

,61; 0,71). Hue kodbeHHol KHCOTHI ObIIO PaCHOJO*KeHO elle ONHO CBETHIILee- 
ca naTHo (Rf = 0,87); Takoe xe MATHO OblO OOHApyxKeHO H Ha XpoMaTOrpam- 
Me 9KCTpakTa 43 cpesbI c KOdeiHOM KUCOTON u3-nO, Mulemua. Ha xpomato- 
rpaMMax 9KCTPaKTOB H3 MUlleNMA C OObIMHOM Cpellbl B TeX ye MeCTaX HaOuIOLa- 
JOCb JIMIIb cja6oe cBeyeHHe. 
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Han6ouee peskoe pasJiMune MexKAy OObIUHDIM MMIIeJIMeM HM MHIeIHeM, MOJly- 
YaBLIMM KOWeHHy!O KHCJIOTY, OOHAPYKHJIOCb IpH NOABJIEHHH XpOMaTOrpaMMBl 
AgNOs u AI®. OxcrpakT “3 OObINHOrO MHILeEIMA Jal [Ba XOPOUlO paseMB- 
iuxca mustHa (Rf = 0,04 u 0,09), oOpasytoulMx COOTBeTCTBEHHO, KOPM4HEBY!IO 
M YepHO-KopHuHeBylo oKpacky c AgNOs u cBero-KopuuHesyio c ATM. Ha 
XpOMATOrpaMMaXx 2Ke S9KCTPaKTa H3 MHICIMA, BbIpalleHHOro Ha KOeHHOM KUC- 
mote, mocae ompbickuBaHua ee AgNOs, mposxBMsIOCcb OrTpoOMHOe TeMHO-KOpHuHe- 
BOC HATHO, pacmouoxwKeHHoe MexKy JIMHMelH cTapra w naTHOM c Ri = 0,20. 
Peaxuna c AT® cBnyetTesbCTBOBaa O TOM, UTO STO IIATHO ABJIACTCAH CKOMJICHHEM 
Hepa3leMBUIMXCA IPH OMHOKpaTHOM pasroue caxapos. Ilnomalb, 3anuMaemaa 
3TUM MATHOM, Oblia 3HAUHTeIbHO OouIbIUe, a OKpacKa ero 3HAYHTebHO HHTeH- 


CHBHee, FEM IWIOULab HM OKpaCKa MATeH, OOHAp y2KCHHBIX B SKCTpakKTe H3 MUIe- 


sua KouHTpowa. [lockoubKy yrvieBOAbl ABJIAIOTCH OJHHM H3 OCHOBHBIX CyOcTpa- 
TOB JIbIXaHHA, TAKOe HaKOMJIeHHe CaXapOB B MHIeJIMH, BbIPalleHHOM Ha KO(peli- 
HOM KHCJIOTe, YKA3bIBaIO Ha BOSMO%KHOe HapylleHwe HOPMAJIbHOrO XOa TIpo- 
IleCCOB J[bIXaHHA rpvoa. 

ComoctTaBJieHe JAHHbIX, MOJIYSeHHbIX B HaCTOAULeH paOoTe, C aHHbIMU u3 
aHaJIOTM4HBIX OMbITOB C XJOPpOreHOBOH KHcOTOH (°) MpHBOAAT K 3aKJIOUeHHIO, 
uTO CTHMYJIUpytollee WelcTBHe MoceqHeH Ha pocT duTodToppl oOyc.1oBIMBAa- 
eTCA IPHCyTCTBHeEM B e€€ MOJICKYJe€ XHHHOM KHCJOTHI. SallMTHOe we WeHCTBHe 
mpoTuB Ph. infestans MoxeT OKa3bIBaTb TOJIbKO BTOPOH KOMIIOHEHT XJIOPOreHo- 
BOM KHCIOTbI — Kotbelinan KucjoTa. He HCKMIO“eHa BO3MOXKHOCTh, YTO 3allHT- 
Hoe JeHCTBHe MOCJIeIHeH CBA3AHO C HapylleHHeM HOPMAJIbHOrO xXOa Mpoleccos 
I\bIXaHHA rpHOa,. KOTOpoe MU BeYeT 3a COOOH TOPMOReHHe pOCcTa MUIeJHA. 
OjHako mocueqHee mpelmouoxKeHHe TpeOyeT 3SKCNePHMeHTAJIbHOM TMpOBepKH, 
uTO H ABIAeTCA OMKANIMeH 3aqaveH HaliINx MCCeOBaHUH. 

IIpuHocum rsry6okyio OaroqapHocTb pyKOBOUTemMO NadopaTopHH mpod. 
Bb. A. Py6Ouny 3a WeHHble yKa3aHHa H NOCTOAHHOe BHHMAHHe K HacTOAMeH pa- 
Gore. 
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PHSHOJIOTH A 


M. A. ACKEPOB 


K AHAJIH3Y MEXAHH3MA MOBbILIEHHA PE3SHCTEHTHOCTU 
JKHBOTHBIX K MUKPOBAM TA30BOH FAHIPEHbI 
MPH TPABMATHYUECKOM NOBPEXKTEHMM MbILUIL 


(IIpedcmaeaeno axademuxom B. H. Yeprueoeckum 10 VIII 1960) 


B TpebIyulux HaliMx uccJleqoBanuax (1°) Oblm0 ycTaHOBeHO, UTO TPaB- 
iTHYeCKOe MOBpPeKTeHWe MbILI CO3aeT HE TOKO YCJIOBHA AIA pasBUuTHA 
30B0H faHrpeHbl, HO H OJHOBPeMeHHO ABIAeTCH (AKTOPOM, BKJMIOUAIOILUM 3a- 
ATHO-KOMIICHCATOPHbIe Peak OpraHH3Ma, B pe3yJIbTaTe “ero MHOFHe 2KUBOT- 
I€ CTAHOBATCH Pe3HCTCHTHBIMH K CMepTeJIbHOH Jose MHKpoOOoB celnTHyecKOrO 
Opvona. BosHuKsa HeOOXOHMOCTb BbIACHHTb, KaKOB M@XaHV¥3M pa3BHTHA 
‘A3aHHOM PeSHCTeEHTHOCTH H KaKOBa POJIb HEPBHOM CHCTeMbI B TreHe3e BbIAB- 
HHOrO qeHoMeHa. JIA STOH Welw HAMM OBIJIN MOCTaBJeHbI CMellWaJibHbIe 
BITEI. 

BeabiM KpbicaM Mepex TpaBMOli HKPOHOXKHOL MolllIlbI (IyTeM HaJIO*KeHHA Ha 
€ TpeX COMKHYTHIX lleaHOB Ha 2 MHH.) Oblwa MpoHsBeseHa CIMPT-HOBOK aHHOBasA 
OKaya adepeHTHbIX MmpHOopow yKa3aHHoN MbIlibl. MubusbTpawusa, Kak T0- 
sam onbiTE ©. M. Tosy6a (°), RHTebHO BbIKIOUACT YYBCTBHTeJIbHbIe HEpB- 
le MpHOopbI u MpepHlBaeT acbepeHTHY!O NOayy HMIMYJIbCOB C COOTBETCTBYIO- 
iH OOacTH.} 

B 9THX YCJIOBHAX TpaBMAaTHYeCKOe NOspeyK/[eHHe MbBIIIIL He BJIeKIO 3a COOOH 
BHIMeCHHA Pe3HCTeHTHOCTH. 113 43 2%xHRCi UbIX, KOTOPBIM IIPOH3BO]HJIaCb TOJIb- 
) COOTBETCTBYIOMaAA TpaBMa MBILIlsI C MOCJeTYIOULMM 3apayxKeHHeEM MHHHMAJIb- 
HM CMepTeJIbHOH O30 CelTHYeCKOrO BHOPHOHA B MbILIMWbI KOHTPJ1aTep aJIbHOH 
HEYHOCTH, BbIKHIIO 30 u norHOn0 13. M3 42 *KMBOTHBIX, KOTOPbIM Takoe Ke 
3],paxKeHHe MPOU3BOMHIOCh Mocse TpaBMbl, HO Ha (OHE CIIMPT-HOBOKaHHOBOH 
(PHIbTP aH MBI, BbIKHIO TOUbKO 14, a Moru6u0 28, T. e. CMepTHOCTh 
11a B STOH pyle TakoBa, KaK H Y KOHTPOJIbHbIX 2KHBOTHBIX, KOTOPble 3apa- 
ANIMCb MHHUMAJIBHOH CMepTeJIbHOH O30 MHKpOOOB, a HMeHHO: H3 42 KOHT- 
JIbHBIX 2KHBOTHBIX MOCJle 3apaxKeHusa BeOKHIO 10 uv NOorHOn0 32. Takum oOpa- 
M YalOCb BbIACHHTb POJIb HeEPBHOH CHCTeMbI HM ee addpepeHTHBIX MpHOoOpoB 
[yCKOBOM M€XaHH3Me, OOyCJIOBHBAIOWLeEM BKJIIOUeHHe HMyHHO-OMOIOrM4ecKOli 
aku 3amuTE!. [Ipeacroasio BbItCHHTb, KAKHMH Me€XaHH3M4MH peaJIH3ylOTCA 
‘a3aHHble peakuUHH. Jia STOH WesH ObIIH MOCTAaBJIeEHbI OIbITbI! C H3yyeHHeM 
ITOUMTAPHOH CHOCOGHOCTH JleHKOWHTOB KPOBH. 

@MarowuuTapHas cMocoOH CTb JeHKOMHTOB KPOBH M3y4alacb MO MeTOAHKe 
. B. Ilyaxopa » C. M. Turosoit (”) 40 TpaBmbi, 3a 24 yaca Mocule HaHeECeHHA 
ABMbI HW yepe3 J—10 yac. Nocwie 3apaxkeHHA AUBOTHBIX MHHHMAJIbHOM CMep- 
JIbHOH JlO30H cenTHyecKoro BHOpHoHa. 

B pe3ybTaTe 9THX OMbITOB OblIO YCTaHOBJIeHO, UTO TpaBMaTHYeCKOe TIOBpe- 
CHHE MBI, BeYeT 3a COOOH 3HAYHTeJIbHOe MOBbIMeHHe (baroOluTapHOH CHo- 
OHOCTH JICEHKOWHTOB, KOTOpad OCTaeTCA Ha BbICOKOM YPOBHe H TlocJle 3apaxke- 
iA 2KMBOTHBIX. I]pH 3TOM OOVIbIMIHHCTBO KPBIC OCTaBaJIOCb B 2KMBBIX. SapaxkenHHue 
{TaKTHBIX X%XHBOTHBIX, HaOOOPOT, NPHBOAMT K CHWKeHHIO (ParoyHTapHOH CHo- 
OHOCTH JIeHKOWUTOB, WH OOJIbUIHHCTBO %KHBOTHbIX MNoOrHOaeT OT ra3o0Boli TraH- 
eHbI B TeYeHHe MepBbIX CyTOK Mocule HX 3apaxKeHHA. B HallIMx OMbITaX H3 8 
AOMbITHBIX XKHBOTHBIX BbHKHIIO 7, MorHO0 1, 43 8 KOHTPOJIbHbIX — BbI2KHJIO 
WIbKO 2, MOrHOu0 6. 


Kak BHHO H3 pu. 1, TpaBMa MbILUI, 3HAYHTEJIBHO MOBbICHJa (barOWuTap Hyg 
CMOCOOHOCTh JeHKOMUTOB KPOBH, HM 3ITOT aqpeKT He H3MeHAVICA Nocse 3apaxKenusy 
XKMBOTHBIX, B TO BpeMA KaK 3apayKeHHe KOHTPOJIBHbIX 2KHBOTHBIX MOHU3HIG 
(barOuHTapHy!0 AKTHBHOCTb JICHKOIMHTOB. 
TakuM O6pa30M, MOXKHO IIpHlTH K BLIBOLY, YTO TpaBMaTHYeCKOe pa3zyparxKe 
HHe B HallHX OMbITaX OGYCJIOBJeHO MOBbILMeHHeEM Pe3HCTCHTHOCTH %KHBOTHBI) 
K aHa2poOHOH HudeKUMN. OTO U3MeHeHHe HMMYHO-OnOOrMuecKOn peaKTHBHOCTHD 
XKMBOTHBIX BbIPaKaJIOCb B YBeJIMYeHHH CarowuuTapHblX peaKWMH seHKOUUTOE 
KpoBH. Tor dakT, YTO PeHOMeH Pe3HCTeEHTHOCTH He BO3H 
HHKaJI Ha (POHE CIMPTHOBOKAHHOBOHM OOKAbI MbILLIL ne| 
pe, HX TpaBMOM, TOBOPHT O HepBHOH IpHpoye NycKoBOrc 
MeXaHH3Ma MMMYHO-OnOIOrHyecKOH MepecTpoHkH opray 
Hu3Ma. Tlouy4eHHble 2aHHble corsacyloTca c MHOrouncy 
JI@HHBIMH (akTaMu, nosyyeHHpmMu A. J. CnepancKkum | 
u ero coTpyaqHuKamu (9-7), 
Oj\HOBpeMeHHO c M3yyeHHemM (parolwMTapHou cndecen 
Pus Nite ele one! HOCTH JICeHKOWUMTOB KPOBH ObIIH NOJBeprHyTbl THCTOVIO: 
watiiecKoro noppexne- THY€CKOMY MCCJeMOBaHHIO Te U3MCHeHMA, KOTOpbIe ume} 
HUA MBI H 3apaxKkenue ~IOT M€CTO B TKaHAX B OONACTH BBeJeCHHA MUKPOOOB. 
2KMBOTHBIX CemTHYeCKHM TloqonbiTHble %HBOTHbIe Yepe3 3 CYTOK TMoce TpaB 
BHOpHOHOM Ha ee al MaTHYeCKOFO NOBpexKCHHA MHKPOHOXKHOH MbILIIIbI OHOU 
peso. Sacre KOHCYHOCTH SapaKAJIHCb B MbIIIY KOHTpsaTepaJtbHOFl 
OnLIT, ..6 — KOHTpowb. KOHCYHOCTH MHHUMAJIbHOM CMepTeJIbHOH JO30H CerlTH-: 
J —Hopma, 2—tTpaB- yeckoro BHOpHOHa. OHOBpeMeHHO. 3apaxKasHCcb UW KOH; 
Ma, 3 — sapankenHe TPOJIbHbIe WUBOTHBIe. Yepes 15—16 wac. Mocne sapaxe4 
HHA 2KUMBOTHIe 3a6nBanucb. Jla rucTomorMyecKoro UC- 
Cle@OBaHHA B3ATbI HKPOHO?KHBIe MBILLbI, Kya BBOJHHCb MHKpOObI ra30Bor 
raHrpeHbl. Cpe3bl okpawiuBasu Wlapmax-pot Ha xup no MeToyy Jlenan c ZoKpa- 
CKOH TeMaTOKCHJIHHOM. 
Pe3ybTaTbI MHKPOCKOMMYeCKOTO HCCJIeEMOBaHHA MOKa3aM, uTO peszBa- 
PUTeIbHOe TpaBMATHYeCKOe PasipaxKeHNe MBI CYULeCTBeEHHO CKa3bIBaeTCA 
Ha XapakTepe BOCHaJHTeJIbHOH PeaKUHH, BOSHHKalouleH B Oyare 3apaxKeHHal 
MHKpoOOaMH Ta30BOl TaHrpeHbl, a Tak Ke Ha CTeMeHH JECTPYKTHBHbIX H3MeHeHHH 
B HeM. | 
Y KOHTPOJIDHBIX 2XHBOTHBIX OTM€¥UAeTCA Pe3KO BbIPaKeHHbIH OTEK Me2KMBI- 
IN€UHOH COeAHHUTEIbHOH TKAHH, (parMeHTalHA WM TOMOreHH3allHA MbILeUHbIxX 
BOJIOKOH M 3HaUHTeIbHOe HaOyXaHHe NoceqHHX. MecTamu BUuHbI MaCCHBHbIe} 
KPYIJIOKJeTOUHbIe HHDHIbTPaTbl, COCTOSIULHe TIPpeMMYNleCTBEHHO M3 JMM@OUH-| 
TOB H H€3Ha¥HTeJIbHOTO HCA MOJHMOp@HO-sAepHbIX JIeHKOWUTOB. Syecb xe} 
HaOuOAaeTCH MHOLO pachaaioulHXCA KJIeETOK H KJIETOK CO CMOPULeHHbIMH Ap amu. | 
B cTeHKaX KalHJJIAPOB KOe-re BUA HESHATHTE BHAA 2KHPOBaAd HHDUALTpansA. 
Y MOONbITHEIX JKHBOTHBIX J€CTPYKTHBHble H3Me€HEHHA H HHCUJIbTpaTHBHO- 
BOCIAJIHTeJIbHbIC ABJICHHA B OUAre 3apaKeHHA BbIPAKeHb! Cabee MO CpaBHEHHIO 
C KOHTPOJbHbIMH. B kKpyruiOKMeTOUHOM HHDHIbTpatTe MpeoOsayaoT NosHMopd- 
HOAePHbIe JIGHKOWMTH Hak MMounTamu. Mmetotca Takxe MHOFOUHCJeHHbIe 
MONMONacThE H Makpodaru. Bowbuice KOMMYeCTBO HeiTpodusoBR H MakpodaroB 
COJ€pXKHT 3HAYHTEIbHOe YHCJIO AKHPOBbIX BKHOUeHHH. Kpome Toro, oTMeyaeTCA 
BbIPaKeHHaA HHMUJITPaluA KallHJIJIAPOB H Me@JIKHX COCYOB. 
Kak BUAHO, TpaBMaTHYeCKOe PasipaxKeHHe ABJIACTCH (baKTOPOM, CyIeCTBeH- 
HO BJIHAIOUJMM Ha BOCHaJIHTeIbHYIO P€AaKTHBHOCTbh OpraHH3Ma K NaTOreHHOMY 
arenTy. YMepeHHasl BOCMaJIHTeIbHad peakKUHA B STHX CyYaAX, XapakTep ee 
KJI€ETOUHOTO COCTaBa, MOBbILWeHHAA AKTHBHOCTb KJICTOUHbIX 3JIEMeHTOB IPH pe3- 
KOM CHWKCHHM a/lbTepaTHBHOTO KOMMOHEHTA BOCIAaJeHHA YKASbIBaIOT Ha BKVJIIO- 
WeHHe SalHTHbIX M€XA@HM3MOB, OMPeeMAIONLAX B H3BECTHOH Mepe HCXO Mpo- 
mecca. OcOOeHHOCTh TEYCHHA BOCTIAIHTeIbHOH peakuMu UM HadmOfalouleeca M0- 
BbIWMeHHe (arouuTapHOH CMOCOOHOCTH MeHKOWHTOB KpOBH Mocse TpaBMaTHye- 
CKOFO NOBPeK CHUA MBILIL PaCKPbIBalOT HEKOTOPbI€ KOHKPeTHbI€ YEPTHI HMMYHO- 
OuomorMyecKOH Mepectpoliku opranusma. 
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IlomyueHHble JaHHble BaxKHbI JIA H3YYCHHA MaTOreHe3sa paHeBOH aHaspoo- 
HOH HH@eKUMH, re TpaBMaTHYeCKOMY KOMMOHEHTY MPHHaexXUT OHO U3 Be- 
YULHX MecrT. 


MuctutyT HOpMaJIbHOH H MaTOJorHuecKoH u3HoIOrHH Tocrynusio 
AxkajemMuH MeaqHUMHCKHX HayK CCCP 5 VIII 1960 
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Jlokxaygn Akagemun nayx CCCP 
1961. Tom 136, Ne 3 


PHSHOJIOTH A 


MW. A. BAPAHHYUKOBA 


®YHKUHOHAJIBHAS MOPPOJIOTHA FHMOTAJIAMO-THNO®H3APHONM 
HEAPOCEKPETOPHOH CHCTEMbI Y JIOCOCEBbIX 
HA PASHBIX STATIAX J)KUSHEHHOPO WHKJIA 


(ITpedcmaeneno axademuxom E. H. Tasaoecxum 29 II 1960) 


Cpequ paGOoT, MOCBAILeHHBIX H3YSeCHHIO ABJIGHHA CeKpelMH FunoTalamMuye- 
CKUX HeMpOHOB, OCOGeHHO OOJIbIOCe 3HaYeHHe MMeIOT HCC/IEOBaHHA, BbIIOJIHeH- 
HbIc C MPHMeHeHHeM 3KCHePHMeHTAaJIbHOrO HM 3KOMOFO-rucTopUsHomorMyecKoro 
Me€TONOB, TAK KaK JIMMIb B STOM CJIY¥ae BOSMOMKHO MOHATL PYHKWMOHAIbHOe 3Ha- 
yeHHe pPa3JIMUHbIX MopdomormyecKux KapTuH (7,7, 4, 7, 17, 13, 15, 19, 22), 

B HaCTOAIeM HCCJIe{OBaHHH IIPHBOAATCA pe3yJIbTAaTbI CPABERTeIbHOrO H3y- 
yeHHa HelipoHos Nucleus praeopticus u Nucleus lateralis tuberis y mococa (Sal- 
mo salar L.) uw kerr (Oncorhynchus keta (Walbaum)) — npeycTaBuTeseH IByXx 
PpOJOB CeMeHCTBa JIOCOCeBLIX, BECbMa JaJIeKHX M10 MecTy OOHTAHHA, HO ONM3KUX 
m0 9kOorHH Hepecta. IlapaseubHO C H3yYeHHeM HEPBHBIX KJIeETOK BereTaTHB- 
HbIX AJep MPpOMexXxYyTOUHOTO MO3ra ,NIpOBORMOCh UCCIeEqOBaHHe THMOpH3a MH WH- 
TOBHHOH 2KeJe3bI TeX 2Ke ocoGeH. Matepua Oni coOpan Ha p. Hapose (10cocs) 
w-Ha p. Takos Ha [OxkHOoM Caxasue (keTa) OT MOMOBO3peNbIX OCOOeH B NepHOy 
aHaypOMHOH MUrpallMv, HepecTa, NOkaTa H OT MOOZM B BO3pacTe 4—5 mec., 
]—2 roya (mococb). Mosr, runodu3 4 WIMTOBUAHAaA w%ese3a 39 sococel u 17 oco- 
Geli KeTbI PHKCHPOBAJHCh PaBHbIM OOpa3s0Mm B *KUAKOcTH by2Ha, Kpome Toro — 
mo Kapuya u B 96° cnupte. IlapaduHosble cpe3bl OKp alliMBaJIHCb C IpHMeHeHHeM 
Pa3JIMYHbIX MeETOJIMK, B TOM UHCI€ XPOMOBOKBACIOBLIM TeMaTOKCHJIHMHOM (MOJH- 
(bukanua TIlonenopa) (8) MH napambgerug-pbykchHom no Tomopu — [a6y ('°) 
¢ JOKpackoH a30KapMHHOM. J]JIA BbIABJICHHA MOJIMCaXapHOB HCHOIb30BAaJICA 
meton Max-Manyca — Xoukucca; Avid OOHAPyKeHHA B KeTKaX PHOOHYKuIen- 
HOBOM KHCJIOTbI IPUMeHsAJICA MeToy Bpatie. 

Hefipoubl npeontHyeckoro MU JaTepambHOrO Apa MMeIOT pA OOULUX 4epT, 
XapaKTePHBIX JIA HeHPOCeKPeTOPHEIX KJICTOUHBIX 9JIeMeHTOB (°): NepHdepuye- 
ckoe pacnoloxeHve rpyOpix ruibl6oK BeulecTBa Huccsa, noHuMOpdu3M sAjep, 


HaJIM4He CeEKPeTOPHBIX BKJIOUeHHH. XapakTepHoOH yepTOM ZTHX Aep ABMAeTCA, — 


Kak MH y Apyrux KocTucTprx (*,°), HX OoraTad BaCKYJAPH3allHA, IpHyeM BecbMa 
YaCTbI KAPTHHbI TECHOrO KOHTAKTAa KalHJJAPOB C OTJCJIbHbIMH KJIETKaMH, UTO 
YKa3bIBaeT, IO-BHJMMOMY, Ha HHTCHCHBHbIM Mpolecc OOMeHa BeULeCTB, CBA3AH- 
HbIM C CeKpeTOPHOH *byHKUMel STUX HeHpOHOB. 

CekpeTOpHble BKJIOUeHHA B KJIeTKaX MpeOMTHYeCKOrO M JaTepasIbHOrO Appa 
pa3JIHUHbI 10 CBOel MOp@OJIOrHH HM MO OTHOWeHHIO K KpacuremamM. B mpeontu- 
YeCKOM Ape CeKPeTOPHBIe BKJIOUCHHA MpeCTaBJIeCHbl TaK Ha3bIBAeMbIMH TOMOPH- 
NOJOMKUTEIDHBIMA TpaHyJIaMH, KOTOPble MOABIAIOTCA B TlepHHYKJeapHOH 30He 
WMTOMIAa3MbI HW MO Mepe HaKOIJI€HHA pacipocTpaHsAIoTcA TO BCeH WHTOMMAsMe HU 
10 akcOHaM. Pa3mMepbl HeHipouos oT 18 yo 90 w. B akconax rpaHyab MpocmexKu- 
BaloTCA OT TeJI KJIETOK Ha BCeM TIPOTAXKEHHH MpeOMNTHKO-rulopH3apHOro TpaktTa, 
BILIOTh JO THKEM HEHPOrHnnopu3a B Bue XapakTepHOK POpMbI OyCOBHAHEIX B3]Ly- 
THH MO XOY AKCOHOB, OOpa3yIOWlHXCA BCJeEACTBHe {HaKOMNeHMA rpaHys (cM. 
pe. 3). B HepBHBIX BOJOKHaX KOpHei Heporumodu3a KpoMe MeJIKHX TvIbIO0K 
TOMOPH-IlOJIOKUTeMbHOrO BellecTBa HaOwOMalOoTCA Kpyluble Teta Teppuura 
(70 35—50 p), sBuaioulHeca, cormacHo CyUleCTBYIOMNMM TIpeCTaBJIeHHAM, TH- 
NePTPOPUPOBaHHBIMH CeKPeTOPHbIMH OKOHYAHHAMH Oe3MAKOTHbIX HePBHbIX 
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Puc. 1 [pynonsi wepsBuEx KueToK B WpeonTuueckom (A, B) u natepanbuom (5) 
Aflpax ococa. A— kKNeTKM MOUTH MOIHOCThIO JIMIMeHbI CeCKPeCTOPHEIX BKIIIO- 
yeHui; MepHok aHafpomHoli murpanun. b— Bhipefenue cabobas0punbHoro 
BemecTBa M3 Te KMeTOK; FTOMOPH-NOMOKUTCIBUbIG TPAaHYIIbI OTCYTCTBYIOT; Ie- 
pHoy aHagpomHow murpanuu. B— Ooubml0e ACO LTOMOpH-MOuOKUTeIbHEIX 
rpaHyJ B WMTOMNasme; peskai nouMMOphuA Afep; MepHoy Hepecta. OKpacKa 
Hapasbferuy-pykcnn + asoKapmMaH. OO. 90, oK. 7 X 


JIOKOH TIPeCONTHYeCKHX HeMPOHOB, OOpa3sylOULNMUCA B Mpowecce HaKOMeHuA 
ipocekpeta (*°,1'). MyHKuHOHabHOe COCTOAHHe HelipoHOB MpeonTuyecKoro 
[pa y JOCOCA HM KeTbI B Pa3JIMUHbIe MOMCHTHI 2XH3HEHHOFO IMKWJIa CyIeCTBeHHO 
Ipbupyer. 

Y mococaA B NepHoy xoja (aBryct) HelpoHbI MpeonTuyeckoro aypa coxepxat 
110 TOMOPH-MOOKUTEMHBIX TPaHYJI WIM MOJIHOCTbIO JIMUICHbI CeKPeTOPHbIX 
OUVeHHH. Apa pasHooopasHon (popMbI, LOMbuaTble, C OKPYPIeHHbIMH Kpas- 
1, BeCbMa OoraTbl XxpomaTuHom (puc. 1A). B Kopuax Heliporumodusa nexat 
yymHble Tea Teppwura u MeJKMe CKONJeHHA HelipoceKpeta. 


Puc. 2. Tpynma HepBHbrx KkJleToK Puc. 3. Hepsupie BoulokHa C xXapaK- 
MpeonTHyecKkoro ALpa KeTbI B NepHor TEPHBIMH B3yTHAMH, Cosepxcal{HMu 
Hepecta. Tomopx-nowloxuTes buble TOMOPH-HOJOMKHTEIbHbIC ~TpaHyJIbl H3 
PpaHyJIbl pacmpocrpaHeHbl m0 BCeli IIpeONTHKO-runousapHoro  Tpakta 
uHToma3sme. OxpacKa mapadpyeruy- JOcocA B NepHo, KaTaypoMHoli MuH- 
(pyKCHH -+- a30KapmuH. O60. 90, oK. rpawHH. Oxpacka napaibgeruy-pyk- 

OX CHH —- a30KapmuH. O6. 90, ok. 5 X 


B oTHuHe OT 3TOFO, B MepHOs OBYJIAWMM M Mepexojja B HepecTHoe COCTOAHHe 
HPOHbI MpeonTHyecKkOro Apa y JIOCOCA H KeTbI BeCbMa OoraTbI HelpoceKpeToOM. 
JaHYJIbI PACMpOcTpaHeHb! MO BCeH WHTOMMA3Me, H3peqKa IPOHHKAIOT B AKCOH. 
pa KJeTOK JObYaTHe, yrJOBaTOH (pOpMbI, C HEPpOBHLIMH KpaxAMH, B OCOOeH- 
CTH CO CTOPOHBI, OOpamleHHOH K WeHTpy KvieTKH (puc. 1B u 2). Orgembupie KueT- 
1, B OCOOCHHOCTH B IIpeONTHYeECKOM Ape KeTbI B MepHO, HepectTa, CHJIbHO Mepe- 
VY 2KEHbI TOMOPH-MOJOMKUTELHBIMH TpaHyJlaMM UM, NO-BHAMMOMY, TNepexKHBaloT 
olecc *PH3HOMOTMYeCKOH JereHepallHH; Apa 2THX KJeTOK CTAHOBATCA MMKHO- 
MeCKHMH. OueBu HO, B AaHHOM CJlyyae PHOeJb KJIETKH ABJIACTCA BbIp axKeHHeM 
ollecca, AHaNOPMYHOTO TOJOKPHHOBOH CeKpelluH. Bo3smoxHocTbh moy,OOKoro 
3ICHHA ONMCaHa JIA HeEHPOCeKPeTOPHbIX KJICTOK HEKOTOPBIX JPyrHX KOCTH- 
BEX eh 

J{vcTasIbHbIe OTIEJIbI MIPpeCONTHKO-runopusapHOK CHCTeMbI y JIOCOCeBBIX B Ile- 
10, HepecTa CPpaBHHTeJIbHO OeHbI HEM pOCeKPeTOM; KOJIHMYeCTBO rOMOpH-I0.10- 
HTCJIbHbIX TpaHyJI OCOGeHHO HeBEJINKO B KOPHAX Heporunodusa, TeCHO CBsA- 
HHbIX C 2KeJIeE3HCTOH NapeHXHMOH MpoMexKYyTOUHOH WOH; Kpymubie Tea Tep- 
iHra, KaK IIpaBHJIO, OTCYTCTBYIOT. 

CaeqyeT OTMeETHTb, ITO KOPHH Heliporunousa y H8yYeHHBIX BUOB pbiO HH- 
ra He ObIBaIOT JIMINeHbI HelipoceKpeTa, KaK 9TO OmHCaHO B paOoTax ApBnH, 
ouTeHa H Tada (14,1°,1”). Hamporus, BO BCeX H3yYeHHbIX COCTOAHUAX y 0CcoCcA 
KeTbI B HEPBHBIX BOJOKHAX HEMpOrHnopu3sa HMeeTCA 3HAYHTEJIBHOe KOJIMYECTBO 
ipocekpeta, B OCOOCHHOCTH B OONACTH MepeXoqHON 30HbI. Pasmm4yHA B KOVJIH- 
CTBE TOMOPH-MOJIOXKUTETbHOFO BeLLECTBA OTMeYAIOTCA JIHUIb B KOPHAX HeMpo- 


731 


runodu3sa, paciOJIO*KeHHbIX B OOACTH MpOMexXKYTOYHOH OM, WH BbIpa*KaroTc 
rJlaBHbIM OOpasoM B KOJIeOaHHAX KOwMYeCTBAa Tel [eppuura. 

B peceHHHli MepHo] y JOCOCs, HalipaBJIAIOWeroca Mocsie HepecTa B MOpe, Heli- 
POHbI BeCbMa OoraTbl HelipoceKpeToM. XapakTepHO yepTOH dyHKUHOHAabHOrO 
COCTOAHUA HEPBHBIX KJIeTOK MpeOnTHyeCKOrO Apa y 9THX pbIO ABJIAeTCA OypHO 
BbIBeMeHHe HelipoceKpeta. Boviblloe KOJIMYeCTBO TOMOPH-MOJIO*KHTebHOrO Be- 
ulecTBa HaGwuOaeTCH MO XOAY BCero MpeonTHKO-rnnomu3sapHoro TpaktTa (pHc. 3), 
a TakKxKe B TKAHH, OKPyXKaloulel TeJla HeHPOCeKpeTOPHBIX KIeTOK. B 9TOT NepHor 
HaM yla0cb Ha6u0OaTb KAapTHHbI MHTO3a, M0-BHHMOMY, MaloquddbepeHin- 
POBAHHbIX KJICTOUHBIX 9JIEMeHTOB, PaCIIOJIOXKCHHBIX B HeMOCpeACTBEHHOH OuH- 
30CTH K HelipOHaM IIpeOnTHyeCcKOrO Apa, YTO yKa3bIBaeT Ha BOSMOXHOCTh OOpa- 
30BaHHA HeHpOCeKPeTOPHBIX KJICTOK MpeOMTHYeCKOLO Ajipa (Tak Ke, KaK HU y Apy- 
PHX KOCTHCTHIX) 3a C¥e€T Pa3MHOMKEHUA, pocta Hu udpepeHUMpOBKH STHX KJIETOK. 

TlosyueHHble HaMH J[aHHbIe OTHOCHTeIbHO H3MeHeEHHH (PyHKIMOHaJIbHOrO 
COCTOAHHA HEPBHBIX KJICTOK IIpeONTHYeCKOrO Apa y JIOCOCA MH KeTbI B OCHOBHOM 
corsiacyroTcs ¢ pesybTaTamuH Apsu, DouTeua u TaGa, H3yyaBLINX 3TH ABJICHHA 
y mococa 43 Apyrux Boyoemos (14,1°,1”). OqHakO, B OTJIHUMe OT JaHHbIX STUX 
aBTOPOB, OMHCbIBaIOULHX HCTOULeHHe HEPBHbIX KJIeETOK MpeonTHyecKOrO Aypa y 
JOCOCH, CKaTHIBaIOWlerocsa Noce HepecTa B MOpe (BeCHa), Ha HallieM MaTepHavie 
ObIJIO OKa3aHO, UTO Y BaJIbYaKOB HeEPBHble KJIETKH MpeONTHYeCKOrO AApa BeCb- 
Ma OoraTbI HelipocekpeTOM, IIpH4eM NpONCXOAHNT Mpotecc ero BEIBeqeHHA. Bepo- 
ATHO, 3TO pa3HUHe OObACHAeTCA TeM, YTO MbI HCCeqOBaIH WOCOCeH B HadaJe 
mepHowa ckaTa (paHOH HepeCTHIMU), TOrg—a KaK B YKa3aHHbIX paOoTax HC- 
MOJIb3OBaIHCb PbIObI, GoIee TIPOABHHYBIIHECA 10 MYTH KaTapOMHOH MUrpallun. 

B HelHpoHax JlaTepaJibHOrO Apa CeKpeTOPHbIe BKJIOUeCHHA MpeCTaBJeHbl 
CKOMJIGHHAMH ToyOoro pH OKpacke a3aHOM BellecTBa. [OMOpH-MOJIOKHTEIb- 
Hble TpaHyJIbl B Pa3JIHUHbIe MOMeHTbI Ce€KPe€TOPHOFO WHKJIa MOJIHOCTbIO OTCYT- 
cTByloT. Pa3mepbl HelipoxHos oT 17 go 70 »; aqpa pa3sHOOOpa3HOH CopMBI. 

Y XOOBbIX JlOCcOCceH HaOsHOaeTCA BLIXOZ WapoB cabo6a30duIbHOrO CeKpe- 
Ta H3 KJIeTOK B OKpy2Kaloulyio TKaHb (puc. 15). Y mococa u keTbI B MepHoy He- 
pecTa B OTJeJIbHbIX KJI€TKAX OOHAPYXUBAeTCA OaZ0PuJIbHbIM CeKpeT, JexKalHi, 
KaK IIPpaBHJIO, BOJH3H Apa; YaCTb KJIeTOK JIMINeHa C€KPeTOPHBIX BKJIIOUeHHH. 
Y MovIOqM sIococs B BO3pacte 4—5 mec. un 1—2 rofa cocTOAHMe HeEpBHBIX KJIe- 
TOK JlaTepaIbHOTO Apa uHOe. Pa3smMepbl HaHOomee KpyNHBIX KseTOK 11—13 p, 
Apa, Kak IIpaBuJi0, OKPyrsioH (POpMBI, B pAZe CulyyaeB HaOwOMaeTcCA HesHauH- 
TeJIbHad CKJaqyaTOCTb; CeKPeTOPHble BKJIOUCHHA OTCYTCTBYIOT. 

Helipocexpet mpeontnyeckoro spa (rOMOpH-MOJOXKUTeIbHbIe TpaHyJibl) 
WM JlaTepabHOrO Ajlpa (CHHee IPH OKpPacKe a3aHOM BellleCTBO) He yaeTCA BBIA- 
BUTb IPH HCMOb30BaHHH MeTORHKH Max-Manyca — XouKucca, OHakKO WHTO- 
11a3Ma He€HPOHOB B He3Ha¥HTeIbHOH cTemeHu PAS-nonoxutembya. Mcnomp- 
30BaHHe MeToya Bpauie B mpotecce H3y4YeHHA HEPBHBIX KJIeTOK MpeonTHyeCcKOrO 
H JlaTepaJIbHOrO Ajpa MO3BOJIMJIO YCTAHOBHTb, 4TO HelipOHbl ITHX ATep Ooratp! 
PpHOOHYKJICEHHOBOH KHCOTON; 3aMe¥aOTCA HEKOTOPHIe pa3IHYHA B COLepxKaHHH 
PpHOOHYKJIeCHHOBOH KHCJIOTHI B 3aBHCMMOCTH OT (YHKI[HOHaIbHOrO COCTOAHHA 
HeHPOCeKPeTOPHBIX KJIETOK. 

CoctosHve rumodpu3a UM WLHTOBHAHOM WKesle3bl y JOCOCA HM KeTbI B MepHOy He- 
pecTHOH MUrpallHu, HepecTa HM MOKaTa Tak»xKe HeOqNHaKoBO. UnToBu_HaA x*xe- 
Je3a y JOCOCA B NepHOX MHrpalluu OTMHYaeTCA OypHbIM BLIBEJeCHHEM KOJVJIOH a. 
Bpicota THpeou,HOro smuTeHA CoctaBiaeT 7—10 ». B nepnog oByAMHH H Te- 
pexoa B HepecTHOe COCTOAHHEe ULHTOBUHAA Xee3a JOCOCA MH KeTbI HAXOQHTCA 
B COCTOAHHH «MOKOA», (POJJIHKYJIbI IpeeIbHO HalOJIHCHbI KOJIJIOHOM, 3IHTEe- 
JHMM HU3KHH (2—4 1), KapTHHbI BbIBeeHHA OTCYyTCTBYIOT. B BeceHHHit NepHog, 
B HavaJle KaTaPOMHOH MHIpallHH, JIA ULMTOBHAHON *Kee3bl JOCOCA (TaK Ke Kak 
MH XOJOBBIX JOCOCeH, BXOJAULUX B peKy) XapaKTePHbI KaPTHHbI BbIBEeHHA CeK- 
peta. 

B runopuse Han6oulee veTKMe H3MCHCHHA HaGmOMalOTCA B MpOMexKyTOUHO! 
ero Joule C IpHOMKeHHeM MepeXoya B HepeCTHOe cOCTOAHHe; HaGwtoOaeTcA 06: 
Pa3sOBaHWe KPyMHBbIX MaCC Oa30*PHJIbHOTO KOJNONZa, MCMOb3yeMOoro B MepHoz 
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spectra. Iloce oKOHYaHHA Pa3MHOKEHHA 3HAYHTeEJIbHO COKpalllaeTCA KOMYeCT- 
) Oa30HJIbHBIX KJICETOK B IIpOMeXKYTOYHOH Joule. 

IipwpeqeHHoe HaMH HCCJIeqoBaHHve NOKa3as0, YTO (byHKUMOHAIbHOe COCTOS- 
We HEPBHBIX KJIETOK IIpeONTHYecKOrO H JlaTepaJIbHOrO Apa HeOJMHAKOBO Ha 
ASHBIX 9TAlaX KH3HEHHOFO WUKMa y JOCOCeBLIX, UTO MO3BOUIAeT Npeqnoarath 
IMAHHe HelipocekpeTa S9THX Alep Ha pa3JIHUHble (YHKIMH OpraHv3ma, O yeM 
sHJIETEJIBCTBYIOT TaK2Ke HMeIOWLHeCA B WHTepatType cBegeHusa (*,'%,1%,7%). 

YcTaHOBJIeHbI 3AKOHOMeEPp HbIe CXOAHbIe H3MEHEHHA Y ATAHTHUECKOPO H JaJb- 
SBOCTOUHOTO OCOceli B ABJICHHAX HeHPOCeKpeWHH MpeolTHyeckoro sypa B Me- 
HO, AHAXPOMHOH MHIpalluu, Hepecta HW NoKaTa, CBA3AHHbIe CO CMeHOH Cpesb H 
0pa3a %KUSHH (Nepexol H3 MOPA B Ppeky, NPOABHKeHHe K MECTAM Hepecrta, Mpe- 
DaleHHe NUTAHHA UT. Q.). HaOmopatouyvecs pa3JiWuHA B COCTOAHHH LLHTOBHA- 
Ol *ee3bI H THMOpH3a, OMMCaHHbIe Take PaHee B JHTepaType WIA aTMAaHTH- 
scKoro wiococa (°,7!), B H3BeCTHOM CTeleHH COBMaaloT C OXapakTepH30BaHHbIMH 
BJIGHHAMH HelipocekpewHu. Bompoc O\NpHyYHHHOH 3aBHCHMOCTH 3THX CoBMa- 
aIOULHX BO BPeMeHH ABJIEHHH TpeOyeT ManbHelilero 39KCNepHMeHTAa.IbHOrO 
1aJIu3a. 


Jla6opaTopua oCcHOB pbiGoBoxcTBa Tleerynuso 
Tnaprocpi6porza 3 II 1960 
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e, Bull. Micr. Appl.,.3, 153 (1953). 7! M. Oiivereau, Ann. Inst. Océanogr., 29 
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Jloxxagn Akagemuu nayk CCCP 
1961. Tom 136, Ne 3 


PHSHOMOTHA 


M. ®. BACHJIDBEB 


KOPPEJIALMH ME)KAY THMOM HEPBHOM CHCTEMbI 
Wt COCYAMCTBIMH PE®JIEKCAMU Y JETEM 2—3-JIETHETO 
BO3PACTA | Me 


(ITpedcmaeazeno akademuxom B. H. Yeprueoeckum 1 VIII 1960) 


Yueuhe O THMAX HEPBHOM JIeATeJIbHOCTH JeTeH TipescTaBsAeT COOOH BO BCeX 
OTHOIMe€HHAX HHTepeCHYIO HW BeCbMa 3aMAaHUMBy!O NpoOsemy. Samaya HacToale- 
rO HCCI@MOBaHHA 3akIOUaaCb B TOM, YTOObI BLINBHTb BO3MOMKHbIe KOPpedALHH 
MexKyY THIOM MH COCTOSHHEM COCYJMCTHIX pedbIeKCOB HM OMpeeHTb KayecTBeH- 
HbIe OCOO€HHOCTH HX IPH pasJIHUHbIX YCJOBUAX. 

Bea padora npopemeHa B TeyeHHe JByX JleT, B TPH NepHona, c rpynnov JeTen 
B 31 uesioBeK. 

IlepBprH MTep UOJ CocTOAT B TOM, YTO BbLIPabaTHIBAIHCh MOMOKUTEb- 
Hbl€ HW OTPHIaTeJIbHbIe YCJIOBHbIe pedIeKCbl COMaTHYeCKOH mpHpogE. Ilonoxu- 
TeJIDHBIM Pa3sqpaxkuTesiem Opi TOH 400 ri, a OTPHWAaTeJIbHbIM CJTyKH TOH 800 ru. 
Bes3ycJIOBHBIM pa3sipaxkuTeeM (MOUKpPelJeHHeM) CJIyKUIa ONTHMAaIbHad CTpyA 
BO3YXa B Pvla3 C NOCTOAHHBIM 3(:pPeKTOM B BH MHraHHA BeK Ha OOOHX rviasax. 
PeakilHH OTMeuaJIHCb YepHHsIaMH Ha JieHTe KMMOorpada. Bce moyudukaunu cy- 
UL€CTBYIONLMX BHJOB MHTraTeJIbHOM MeTORNKH (',4-°,1'~!*) no,HEI OWeHb KPyMHbIX 
HeJOCTaTKOB H OWIMOOK, NOYeMYy H IIpPHWVIOCb Ha OCHOBaHHH H3y4YeHHA 9THX Me- 
TOJHK CKOHCTPYHPOBaTb HOBbIM THI 3aMHCbIBAaTeJIbBHOFO allllapaTa MHraTeJIbHbIX 
peakUHH — B OCHOBHOM Ha MIpHHItHNe 3eKTpOHHOrO pee (°). 

IIpH momMomM STOrO alllapata BbIPpadaTHIBaIHCb MHFaTeJIbHble MOJOAKUTEMb- 
HbI€ H OTPHIUAaTeJIbHbIe YCJIOBHbIe Pe*IeKCbI, a 3aTeEM OOULENPHHATHIMH TipHeMaMu 
(TaK Ha3bIBaeMbIN «MaJIbIN CTaHapT») OMpeyeAJICA THI HeEpBHOHM CHCTeMBI. 

Cpeqn o6ceqOBaHHbIX HaMM JeTeH OKa3aOCb: CaHTBHHUMKOB 12; cbiermaTu- 
KOB 4; xojlepHKOB 10; MemaHxomHKOB 5. 

BTropouH MepHoOX cocToas B TOM, 4TO y STHX Ke JeTeH CuCcTeMaTH- 
YeCKH H3yUaJIHCb OesyCJIOBHbIe HW yCJIOBHbIe cocysMCTHIe pedekchl. M3yaenue: 
OCYLIECTBJIAJIOCb C MOMOL[bIO 3JIEKTPOHHOH OCIHJIOrpadpwyeckOH yCTaHOBKH 
(annapat JI. JI. Bepnepa; tun OU-2; 1958 r., JieHuurpag). Stor anmapar co- 
CTOA U3 OCHMIIOrpada C YEPHHJIbHOH 3aMHCcbIO HM 3JIEKTPOHHOTO yCTpoOHucTBa 
K HeMy. OcoOeHHOCTb BCeH yCTaHOBKH COCTOAJIa B TOM, UTO BKJIIOUCHHBIe peo- 
CTaTHO-EMKOCTHbIe (PHJIbTPbI NO3BOJIAJIH MPOH3BOLMTb H3MepeHHA JlaxKe H B yc- 
JIOBHAX BbICOKOrO YPpOBHA HaBOJOK, He MpuOerad K 9KpaHHsauHH. JLaee, BO 
BpeMA paOOTH! C OCLHIIOrpaoM UMCHOb30BaIHCb OCOOO yCTpOeHHble MpucTaB- 
KM (HallpHMep, TweTH3Morpaduyeckuh jaTauK). IIuranve mpH6opoB mpoH3Bo~ 
J\HJIOCb OT C€ETH MepeMeHHOLO TOKa C Halips2xKeHHeM B 127 B. 

IIpu BbIpaGOTKe yCJIOBHBIX COCYAMCTHIX pedJIEKCOB MOJIOXKUTEILHBIM yCJIOB-- 
HbIM Pa3paxKHTeJieM ObIIO JeHCTBHe 3BOHKAa, a OTPHWaTeJIbHbIM — 2K Yy2KKaHHe 
symMMepa. IloyKpemuenne, T. e. WelicTBHe Oe3ycOBHOTO pa3sapaxuTesed, BbIpa- 
2KaJIOCb BO BJIMAHHH Telia (BOLI B MpoOupKe, 44°) nH XoNOZa (eq B MpoOup- 
Ke). Koneunbit sdekT BbIPaxKaICA B PA3HbIX CTeMeHAX MOHHMKEHHA WIM MOBbI- 
IW€HHA KPHBOH MJIeTH3MOrp aMMBI. 

Tpetuh nmepuog coctoam B TOM, 4TO B CCOTBETCTBHH C JaHHbIMU 
V1. C. Iutopuya, H. A. Apxanreapcxoi, H. ©. Cysoposa, A. A. Porosa, A. T, 
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IImionuka U Ap. Obli0 yemeHO 3HAYHTeJIbHOe BHHMAHHe KOJIMYCCTBEHHOM OOpa- 
OoTKe lwieTH3MorpaMM. BpiiH yuTeubi: 1) MakKCHMaJIbHaA BeIMUHHAa OTKJIOHEHHA 
KPHBOH OT (ona; 2) WaTeHTHBIM TepHoy; 3) BpeMA OT HavaJia peaKI[HH JO ee Mak- 
CHMaJIbHOW BeJIHYHHI; 4) BPeEMA OT MAKCHMAJIbHOrO OTKJIOHCHHA JO BOSBpalle- 
HHA KPpHBOH K *ouy; 5) Bpemsa Bcel peakunn; 6) BesMYMHA OCIMJVJIAWHN; 7) 43- 
MeHeHHe YaCTOTH KOJIeOaHHii B MOMC€HT M@KCHM@JIbHOrO OTKJIOHCHHA, KpHBOH 
oT doua. 

V3 12 caHrBUHHKOB TOJIbKO 7 JeTel asi BO3MOXKHOCTL OCYMLECTBUTh MOJIHOe 
oOcjeqOBaHHe M0 BC€M Ha3BaHHbIM NOKasaTeAM. DOH MJIeTH3MOrpaMMbI VY BCeX 
12 venoBeK yCTaHOBHJICA JOCTaTOUHO OBICTpO U 
ObIJI MOUTH OAMHAKOB. OueBHyHO 3yeCb UMeeT 
3HaueHHe TO, uTO 9. T. Baltypo HasBa «cuTya- 

IMOHHOH ajlantaiHer». MoxHOo CuuTaTb yCTaHOB- 
JI@HHBIM, YTO B Havasie HA OOCMeMOBaHHA y pe- 

Oe€HKa HE TOJIbKO IIPOHCXOUT yrallleHhe BIIMAHHA 

CO CTOPOHBI HENPHBbIUHOH OOCTAHOBKH, HO H TO- eee 
CTeNeHHO, OOpasyeTCA BPeMeCHHaA CBA3b M@EXKILY 
9TOH OOCTaHOBKOW HW OMpeseJIeHHbIM COCTOAHHEM 
COCYJOJIBUraTeJIbHEIX WeHTpoB. Ilostomy a6co- 
JOTHO HEOOXOAHMO JlaBaTb UCCJIeyeMoMy peOeH- 

KY yKa3aHue, HallpuMep «CHIH CNOKOHHO» UH T.I. 

Ycnex padoThl OyfeT oGecrieueH, ecIH peOeHOK 

BbINOJIHACT STO YKA3AHHE, B TPOTHBHOM CUTYYAC  emeereeeeetee 
B IpOOMKeHHH OOIbLIOTO OTPpe3Ka BPeMeHH TH- 
NMYHBIX MJIeETH3MOrpaMM MOJIYYHTb He yaeTcs. 
Booouje H3y4yeHve TvieTH3MOrpamMM y 7 jleTeH- 
CaHTBHHHKOB 10Ka3aJi0, 4YTO TOJIYYeHHbIe KPH- ati 
Bbl€ HJ€HTHUHBI Y BCeX STHX JeTeH KaK MO Xa- ii 
pakTepy, TaK H 10 BCeM JIpyrHM NoKkasaTeJIAM. Ris 

Jina BCeX KPHBbIX OblIa XApakTepHa APKO BbI- 
paxkeHHad ryOuHa 3anayeHHA ph MpHMeHe- = ————— 
HHH KaK BbIpasoTaHHOrO yCJIOBHOrO, TaK H 6e3- 
YCJIOBHOrO XOJIOMHOTO pa3—ApaxKHTeJA, KOPOT- 
KHH JIaTeHTHbIN NepHO, T. €. BPeCMA OT MOMEH- | 

Ta pa3ipaxkKeHHA NO Havana peakunH (0,5 WH 

| ceK.), YKOpOueHHOe BpeMA OT MAKCHMAaJIbHOrO 

OTKJIOHEHHA KPHBOM JO BOSBpallleHHsl ee K (ony, <a 
H, HAKOHEIL, 3HAUHTEJIbHbIM pasMaX HM BeMOHHA iiss i. ot ie 
OCLUJIIAWUH. Bee 3To KpaTKO MO%KHO BbIPaSHTb Pye, 1. Xapakrepupie merHsno- 
Tak: COCYAMCTaA peakiHA ObICTpO BO3HHKaeT, rpaMMbl pasHEIX THNOB HepBHOli 
SbICTPO HpoTekaeT U elle .OblcTpee ucuesaer. ele ay EEDA, ete cy 

Bee oco6eHHOCTH KPHBbIX IJIeETH3MOrpaMM B Gtenatanon ot xoWtepnen? ; 
oTHOWIEHHH UX K TOMY HIM HHOMY THITy HepB- 
HOH CHCTeMbI MOXKHO BHeTh Ha puc. |. 

TJo cpapHenuto C CaHrBHHHKaMH COBepwIeHHO OOpaTHY!O KapTHHy MpHlOcb 
1aOONaTb Mp anasuze WweTH3MOrpaMM 5 JeTel-MeaHXOMKOB. B 3TOM Culy- 
jae HH OHA U3 KPHBbIX He NOXOANa HU Ha MOCJIELYIOWLy!O, HH Ha MIpeybIyuLy1o 
<puByro. Odmui y30p MeTH3MOrpaMMbI JO TakOl CTeleHH ObII HeEyCTOHUMB U 
JasHOOOpaseH, ITO TOBOPHTh O KaKOli-M60 THNM3AUMH OblIO COBepIIeHHO He- 
303M0xHO. IlouTH Bce MeTH3MOrpaMMb! CO3aBaJIH BUeYaTJIeHHe Yero-TO Hepe- 
‘YIAPHOTO, apHTMHMUHOTO, JIMIWeHHOrO ake MpPHMUTHBHOM  NOCeLOBaTeJIb- 
1OCTH OOBIUHEIX PHSHOMOTHYeECKHX IpOLmeccos. 

Uerpepo jeteli-cbierMaTHKOB NMOJBeprviHCb NOMHOMY OOCJIeMOBaHHIO C Lesbo 
iOJIYYeHHA YETKUX IIeTH3MOrpaMM. 3yecb yaJlOCb NOJIYYHTb KpHBble, JOCTAaTOU- 
10 XapaKTepHble 1A STON No”rpyuner Fete. I ]neTu3Morp aMMbI ObIIM pery Ap HB, 
JHTMUYHbI HW MOCMeOBAaTeJIbHbI. Mx OOMMH PHCYHOK OYEHb MaJIO OTIMUAJICA OT 
)HCYHK& KPHBbIX, MOJYYeHHBIX MpH HCCeMOBAHHH JeTeH-CaHrBUHUuKOB. TOVb- 
<O B JleTaIAX HU B TeX IMpOBbIX MOKAa3AaTeJIAX, KOTOPbI€ MbI B3AJIM WIA KOMYe- 
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CTBeHHOPO aHaJIH3a, MOXKHO ObIIO HHOrAa YAOBUTb HeOO/IbIINe pasmMIHA. Specb 
peaKkIlHMH Ha pa3flpaxKHTeJIM MeWICHHO TeKyT M MeJVJIEHHO BO3BpalllaloTcaA K 
cBoemMy (ouy. 

V3 10 nereti-xonepHkoB NomHoe OGc1eOBaHHe MOF MpOHTH TOJIbKO 6 ¥e- 
mopek. TlosyueHHbIe MJIeTH3MOrpaMMbI J@MOHCTPHpytOT CBOIO HJCHTHYHOCTh HU 
ToxwecTBo. Kpome Toro, 3yecb HaOlOqalach OONbINaA BeIMYMHa OTKJIOHEHHA 
KPHBOH OT (OHA, XOPOLIO BbIPaxKeHHOe H YKOPOYeHHOe BPeMA OT MOMEHTA Pa3- 
IpaKeHHA JO Hayaa peakIHH (JaTeHTHbIM MepHoy). YMeHbUIeHO TaKx%Ke BpeMsA 
OT Ma€KCHM@JIbHOrFO OTKJIOHCHHA JO BO3BpPalleHHA KPHBOH K CPOHY. XapakTepHa 
TakoKe OOJIbIIaH CKOPOCTb OTBETHOH peakIMH Ha OesyCJIOBHBIM MJIM YCJIOBHbI 


pasip axKUTesb. OT KpHBbIX NOsyuaeTcA BMewaTIeHHe OUVeHb OBICTPO MpoTeKalo-. 


IILMX PeaKIMH, KOTOPble He BCera MOJIHOCTHIO BOCCTAHABJIMBAIOTCHA HM Yallle BCero 
MIepeXOMAT B PasHble HeperyJIAPHbIe (POpMBI. 

BprBpogu. 1. Cocyynctne petbiekcbl, MOMOOHO CeKpeTOPHbIM MH COMaTHYe- 
CKHUM, MOPYT CJIyKHTb OVCHb TOHKHM MOKa3aTeJIeM IPH OlpeyeJieHHH THMa HepB- 
HOM CHCTeMbI jeTel. 

2. Mexy THOM HeEpBHOM CHCTeMBI JleTeH H OCOOCHHOCTAMM H3MeHEHHA TOJy- 
yaeMOH YyCOBHOpedeKTOpHOK MJIeTH3MOrpaMMbI CylecTByeT MOCTOAHHAaA 
UpaBHJIibHad 3AaBMCHMOCTD. 

3. IlaBnopcKoe JeseHue soe MO CKaqy HepBHOH CHCTeMbI Ha YeTbIPe THA 
NOATBepxKMaeTcaA WU Ha eTAx 2—3-neTHeroO BOSpacrTa. 

4, Jletckad THNONOTHA, HMerOlwLad OobUIOCe 3HAGeEHHE B BOIpocax TMesaroru- 
KH, BOCIUTaHHA, OXpaHbl 30POBbA H IIp., HyKaeTcA B LabueliweH eTaJb- 
HOH paspaOoTkKe. 


Wuctutyt du3svoornun um. VW. II. Tasaosa TlocrymHuioF 
Axkajlemun Hayk CCCP 27 VII 1960 
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PHSHOMOLH A 


B. H. TOBAJIJIO 


O CTABWJIBHOCTH THNOJIOTHYECKHX OCOBEHHOCTENM 
BbICHIEM HEPBHOM JEATEJIBHOCTH JETEM PAHHETO BO3PACTA 


(ITpedcmaeneno axademuxom B. H. Yeprueoecxum 10 VIII 1960) 


. Bompoc 0 cTaOHJIbHOCTH OCHOBHbIX THMOJIOPHYeCKUX OCOGeHHOCTeH BBICIUIeH 
| HePBHOM JIeATeIbHOCTH B IIpollecce OHTOreHeTHYeCKOTO Pa3BHTHA ABJIAeTCA OJI- 
| HMM H3 HanOoViee CNOPHbIX H B TO Ke BPeEMA KapAMHAJIbHBIX BOMPOCOB B HpoGbse- 
Me H3y4eHHA THNOB HepBHOHM CHCTeMBI. 

OOujeusBecTHa TOuKa 3peHHA, ccbopMymupoBanHaa A. IT. MBanoppim-Cmo- 
JICHCKMM MH pa3yevIdeMad PAXOM Apyrux uccsesoBaTeJeH, MO KOTOPOH THN Mmper- 
CTaBJIACTCA «CIIIaBOM» H3 YePT, BPOMKTCHHbIX H IpHOOpeTeHHbIX B XOJe€ HH]MBH- 
yambHoro pa3BHTHxA. Omnako 9To npescTaBseHHe, He COracyrollleeca c m03]- 
HeHUIHMMH BbICKa3bIBaHHAMH VM. I]. [lannopa no sTomy Bolpocy, wacTO He Haxo- 
. JWMT cBOero MOATBep*KJeHHA B 9KCIepHMeHTe. Onpitamu B. JI. Berkoga (+), mpo- 

BeJ@HHbIMH Ha ULeHKaX, MOKA3aHO, TO OCHOBHbIe THMOJIOrM4eCKHe CBOHCTBA KOp- 
KOBOM JIMHA@MHKH OCTAIOTCA B CaMbIX CBOHX CYILeCTBEHHbIX YepTaX HeH3MeCHHbIMH 
Ha MIpOTAKeHHH MepBbIX eT KH3HH. OTH WaHHble NOATBepxXeHbI WH B HaOuOZe- 
HMAX Hay WeTpmu: A. IT. Kptouxosor u HW. M. Octposcxon (°) — Hay JeTbMu 0 
1 roma xxu3HH Hu A. H. J,appinonon (*) — nay peTpMu oT 3 yo 10 aer. 
OtcyTcTByeT e€MHHOe MHEHHE TakiKe H B TOM, UTO KacaeTCA ONpeevIeHHA TH- 
MOJOrHYeCKHX OCOOeHHOCTeH C MOMOLLbIO PasJIMYHbIX MeTOAHK. B paye uccuexo- 
BaHWi, BbIMOJIHCHHBbIX, PIaBHbIM OOpasomM, Mog pyKosoycTBom A. IT. Mpanosa- 
Cmogeuckoro (°,°,1°), yTBepxkaeTcCa, UTO OCHOBHbIe CBOMCTBA KOPKOBOH JHHa- 
MHUKUH 2KHBOTHBIX BbIABJIAIOTCA HEOJHO3HATHO B YCJIOBHAX TIPHMeCHeHHA pa3JIHy- 
| HBIX Oe3yCOBHOpedJeKTOPHEIX TMo_KpenweHuu. IIpoTHBOMOMOKHBbIE Pe3yJIb- 
TaTbl OblmH momysenpt JI. A. [Ipeodpaxenckon ("), A. XumbuenKo (°), B. A. 
Esceespm (*), A II. Kptouxospoi u MW. M. Ocrposcxon (°), JI. B. Daxxeap (*) 
u ap. B stux paOotax, NpoBeweHHbIX Ha 2KHBOTHBIX, Ha JIeETAX, B3POCJIbIX 390po- 
 BBIX H OOJIBHEIX JHOAAX, YOEMUTeIbHO MpOMEMOHCTPHPOBaHO, YTO OCHOBHBIe yep- 
TbI THIa HEPBHOH CHCTEMBI IPOABJIAIOTCA HeE3aBHCHMO OT TOrO, B KaKOM HepBHbIii 
UeHTp apecyeTca pa3qpaxKeHve, a pe3YJIbTATbl H3yYeHHA yCJIOBHO-peduiek- 
TOPHOH J[@ATEIbHOCTH C NOMOM[bIO pa3IMYHbIX MeTOJHK MOJIHOCTbIO COBMAaJIN. 
' TloHuMaa THT BbICLUeH HEpBHOH JjeATeIbHOCTH KaK COBOKYMHOCTb O C HOB H bI X 
CBOHCTB H€pBHOM CHCTeMbI, TPYJHO MpesNlOaraTb, 4TO OHO H TO Ke XKUBOTHOE 
_ WIM YeJIOBeEK MOTYT ObITb OTHECEHbI H K CHJIbHOMY H K CylaOoMy THINLY, B 3aBHCH- 
_MOCTH OT XapakTepa npHMeHaeMoi MeTOqHKH. B TaKoM culy¥ae cTasO Obl 
H€BO3MOXKHbIM YCTaHOBJIeHHe KOPPeJATHBHbIX B3A4HMOOTHOWIEHHH Me*Ky THIMO- 
JIOTHYeCKHMU OCOOeHHOCTAMH UM CBOeOOpa3sHeM pyrHxX PUusHOOrMyeCKUX PyHK- 
Mi OpraHu3Ma, WU H3yueHHe THMOB NOTepsAO Obl BCAKMHM MpakTHYeCKHH CMBIC. 
Hactosiiee uccleqoBaHHe MpOBOAMOCh Ha 3JOPOBbIX MOHOMICHHbIX JeTAX 
MepBHIX ABYX JIeT %KU3HU, HAaXOQUBIIMXCA HaBOcHMTaHNH B Jlome peOenka Ne 3 
. Mocxspt. B padote Obl MCNOMb30BaHbI ABUFaTeJbHO-MULeBad MH OOOPOHH- 
‘TebHad (MUraTeIbHad) MeTOHKM U3yYeHHA YCJIOBHbIX pedJIeKCOB. 
| TIpu sprpaOotKe y pete yCOBHbIX ITHULeBbIX peJIeKCOB YCJIOBHBIM pa3ypa- 
 2KUTENEM CLYKU 3BYK JIEKTpHyeCKOrO 3BOHKA Cpesuelt CHuIbI. M301MpoBanHoe 
'jelicTBve pa3sipaxkuTeiaA uunoch 5 cex. J[udpepeHwMpOBOUHbIM pa3yipaxKuTe- 
| JIM ABJIAJICA IpepbIBHCTHI 3BOHOK B TeyeHHe 10 cex. IloKasaTemem HaM4HA 
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YCJIOBHOH MOJOKUTeEIbHOH PeaKIWMH OblJI MOBOPOT FOJIOBbI HCIbITYeMOFO B TY CTO- 
pouy, OTKya MOCTyNaoO NHMWeBOe NOAKpenvieHHve (CaqKHH vali). 


IIpH u3yyeHHH YCJMOBHbIX OGOPOHHTeJIbHbIX 


(MHTaTeJIbHbIX) pedbleKcoB 


B KayecTBe YCJIOBHOrO NOJIOWKHTEJIbBHOrO H TOPMO3HOrO CHIHaJia MHCIOJIb30- 
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NN onemo8 Hines Connell 

Puc. |. Xo BEIpa6oTKH yCNOBHOrO pedmeKca, Anp- 
(pepeHIIMpoBKH H TepeyeKH y peOeHKa C CHJIbHbIMH 
yPaBHOBelICHHbIMH HeEPBHbIMH TpoweccaMu Mp MHUle- 
BOM (a) H O6opoHHTebHOM (6) mogxKpenmeHHH. J — 
MOJIOMUTeIbHAA yCJIOBHaA peakKUHA, 2 — peakIlHA Ha 
nuddbep cHIUMPOBOUHEIN pasqpaxkKuTelb; CTpesiKka BBeEpX — 
TipHMeHenHe HdpepeHuNpoBoynoro pasparxkuTelsA, 
cTpeKka BHH3 — TepeyeiKa CHIHaIbHoro 3HayeHHs 
pasapaxutTenel; C—npo6a c cyTOuHBIM yTOMJeHHeM, 
T — mpo6a c BHelIHHM TopMo3om, H1.— mpo6a Cc us3- 

MeHeHHeM cTepeoTuma 


BaJIcCd 3YMMep (CIOWHOH u 
IIpepbIBHCTHI). Be3sycoBHope- 
(puleKTOpHOe MOAKpenwenue ocy- 
ILCCTBJIAJIOCb C MOMOULbIO CTpyH 
BO3yXa, HallpaBJIeHHOH Ha Te- 
peHocuily peOeHKa H BBbISbIBaB- 
Wel JBY2KeHHA BeK H 3€a2KMy- — 
puBanne. IIpu paboTtec o6eumu 
MeTOAHKaMH ObIIa MpMHATAa 
eHHaA CxeMa: Tl0cJIe O6pa3o- 
BaHHA WH yMpOveHHA YCJIOBHOM 
MOJIOXKHTEJIbHOH CBA3H BbIpaba- 
ThIBAIaCh WupPepeHunHpoBKa H 
IIPOBOLHJICA PAI CHeWMaIbHbIX 
mpo6 (mpoObl ¢ BHeLIHHM Top- 
MO30M, yralueHHe 6e3 NOAKpen- 
JIGHHA, H3MeHeHHe CTepeoTuna, 
u3yueHHe BJIHAHHA Ha TIpou- 
HOCTb YCJIOBHOH peakIHH Ccy- 
TOUHOrO YTOMJI€HHA HW THULeBOK 
Bpo3Oymumoctn). Ilomumo pe- 
3YJIbTATOB H3YYCHHA YCJIOBHO- 
pedleKTOPHOH JesATembHOCTH, 
JIA CYKeCHHA OO OCHOBHBIX 
THIIOJIOrHYECKUX OCOOeHHOCTAX 
HepBHOH CHCTeMbI JeTeH HaMH 


ObIJIH MCHOIb30BaHbI JLaAHHbIe CXKCMHEBHOTO HaOIOJeHHA 3a UX MOBeeHHeM, 
OOULMM Ppa3BUTHeM, JMHAaMUKOl Beca, XapakTepom cHa. Ha ocHOBaHHM JaHHbIXx 
9KCIePMMeHTAIbHOFO HCCJie WOBAHHA H HAaOMOMeHUA BCe JeTH ObIIM pasqeseHbi 


Ha 3 Tpyllibl: JeTH C CHJIbHBI- 


MH HM YpaBHOBeLIICHHbIMH He- 7 
PBHBIMH Mpoleccamn, yeTH c |= 
CHJIbHbIMH HeypaBHoBelleH- 
HBIMH KOPKOBbIMH mpouec- 
CaMH, Y KOTOPBIX pa3yapaxKH- 
TeJIbHbIM Tpowecc mpeBaHw- 2 


PpOBaJI Haj| TOPMO3HbIM, H 0 


a ad Aa en 


WeTH CO CaObIMH HepBHbIMH 
Mmpoweccamu. 

B cBaA3H C HawHuHeM H3- 
BeCTHOH BO3pacTHOH MHepT- 


gal 
45 16 1 17 Ee B4ES 


— 


HOCTH H€PBHBIX IIpOlleccoB 
y MeTed panwero BospacTa, gli, viiy 4) 1 1 a itis iit J 
noKa3aTeJiu MOJBU2KHOCTH 123 4567 89 MW Ml 12 131516 1718/1920 2 
IPH OWCHKe OCHOBHBIX THMO- WY ARE f 
JOrHYeCKHX OcoOeHHOCTel 


KOPKOBOH J[MHaMHKH JleTel 
HaMW He YUHTBIBaJIHCb. 

B neppoh uacTtu pa6oTbl 
y 5 mete B BO3pacte 6—9 
MeC. MPOH3BOANIOCh TocuJe- 


TWICHHA, 


Puce. 2. Xoq Bblpa6oTKH ycNoBHoro pedsmeKkca u- Audpe- 
PeCHUHPOBKH y peOeHKa C CHbHbIMH BO3OYAHMbIMH HepB- 
HbIMH MpomweccaMH MpH MHUeBoM (a) H OOOPOHHTebHOM 
(6) nozkKpenenun. Y — mpo6a c yratieHHem 6e3 mozKpe- 
B—mpo6a c MOBBINeHHeM MHMeBolt Bo36yH- 
MOCTH. OcTaJIbHble OOO3HaYeHHA Te Ke, 4TO Ha pu. 4 


JOBaTeIbHOe M3yYYeHHe HHIMBHLYaJIbHbIX OCOOeHHOCTeH KOPKOBOH JMHAMHKH 
C MOMOULbIO O6eHX MeTOAUK. B xoge HCC TeqOBaHHA ObIJIO BbIACHEHO, UTO B BbIpa- 
OOTKe YCJIOBHBIX MHULeBbIX H OOOPOHUTeIbHbIX pecbleKCOB y BCeX JeTeli HaOwO- 
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jaeTCA pa oTMHGNH. Kak npaBuuio, NoABseHHe H yNpoueHHe ycuIOBHOH OCopo- 
JHTCJIbHOH peaKWHH MpOMCXOAMJIO Mo3sxKe, YEM IPH MHULeEBOM NOKpenJeHHy, 
{u@depeHUMpOBKa YCJIOBHBIX PpedJIeKCOB MpH OOOPOHHTebHOM NMOAKpenveHHHu 


JTepeneit 16 dned 


Sy 
RS 
X 
S 
< 
> 
S 


123 45678 8 OM 12 I90BNGISIOI7 181920 2 LBUU27 2B 2 


Pee oe et ea eel 
1238 @ 567 89 10 0 121915 6171619 2A 
NN onesmnob 


Puc. 3. Xoq BbIpa6oTKH yCJIOBHOrO nHueBoro§ pedieKca, nuddbe- 

PeHILHPOBKH H MepeszeKH y peOeHKa C CHJIbHBIMH ypaBHOBelleHHbIMH 

HePBHBIMH MmpolleccaMH B Bospacrte 6 mec. (a) u 1,5 mer (6). O6osHa- 
YeHHA Te Ke, uTO Ha pe. 1 u 2 


rakKe OOPa30BbIBAaCb HECKOJIBKO 11032%Ke. OMHAKO pe3yJIbTAaTbI H3yYYeHHA HHDH- 
3H Ly AJIBHBIX OCOGeHHOCTEH yCJIOBHOpedJIEKTOP HOH JeATeJIBHOCTH C MOMOLLbIO 0Oe- 
4X Me€TOJHK MO3BOJIHJIH MOJHOCTbIO yOEAHTLCA B TOM, UTO OCHOBHbIC THMONOrH- 
1eCKHe CBOMCTBa HEPBHOM CHCTeMbI COXPaHAWTCA HEH3MeHHbIMH, He3aBHCHMO OT 
XapakTepa ynoTpeOsioulelica MeToquKH. JleTH, y KOTOpbIX IPH u3y4eHHU yc- 


TOBHBIX IIHIMeBbIX pedIeKCOB ObI- % 
IH BbISABJIGHbI CHJIbHbIe yPaBHOBe- = 4 
HeHHbIe, BOSOyAMMbIe HH CaOEIe ~— gy R 
XOPKOBbIe MIpOMeccbl, COXpaHAH = gg/| NS 
‘BOIO THMOJIOPHYeCKYIO XapaKTe- =» = 
r SS ce 
JHCTHKY UW MpH padote c ycuoB- oe ‘Ss /- 
IbIMH OOOPOHHTeJIbHBIMH pecpJleK- ee, N 
L 0 i : 1 +4 ap M af 
?aMH.Pe3yJIbTAaTbI 9THX HCCeOBA- y 1 2345 “6 TEGO UR Wh (5161718 192021 
qui MpHBeeHb Ha puc. | v2. ot 
Bo BTopou uacTu paooTpl mpo- 
43BONMJIOCb H3yyeHHe CTaOHIbHO- = 40 
2TH OCHOBHBIX NOKasaTeseH KOp- 2 
<OBOH QHHAMHKH y JeTeli B Teue- 0 { Be Mian eee omy ee 
(23. 4 56 78 9 0 WRIGM 151 17 


que ByX NepBbIX JleT %KH3HH. C 
9TOH Webio y 5 eTeli, MOMHMO 
‘TepBHYHOTO HCCJIEMOBaHHA THMO- Puc. 4. Xoq BEIpa6oTKH ycJIOBHOrO muMeBoro pe- 
TOrHyeckHX OcoGeHHOCTeli BbICHIeH  reKca u AnphepenumposKu y peCenka co ci1abpl- 
JepBHOH JeATembHOCTH, MIpoHsBe- ue HePBHBIMH IIpoleccaMH B Bospacte 6 mec. (a) u 
5 eT (6). OOo3sHaueHHA Te Ke, TO La pre. 1 u2 
[eHHOrO B BOspacTe 6—Q9 mec., 
aHaIOrHuHoe H3yyeHHe ObIIO MpeANPHHATO MOBTOPHO B MOMYTOparoxoBasioM 
303pacte. B o60HxX cilyuaAix H3yyeHHe YCJIOBHOpedJeKTOPHOH exATebHOCTH 
JeTeli MpOH3BOAHICCh C MOMOULbIO ABHFaTeJIbHO-IIMMeBOH MeTOHKH. He- 
°MOTPS Ha HaIMUHe PAMa BO3PACTHBIX H3MeHeHHH (Oouee ObicTpaa BbIpadoTKa 
IOJIOXKUTEMbHOH YCJIOBHOH CBASH, AHPPepeHUMPOBKH HM TepeseKU pasypaxu- 
remeH, OGbIWaA CKOPOCTb yralleHHA HW BOCCTAHOBJICHHS YCJIOBHbIX pedeKcos, 
dea eHHe MOCJeNOBATeMbHOTO TOPMOXKeHHA B Oosee CTaplieM BO3pacTe), oc- 
JOBHBIe OCOGeHHOCTH, TIpHcylHe KOPKOBOH JHHaMHKe Kaxkoro peOeuKa, OcTa- 
THCb MOCTOAHHBIMH. Kak IIpH MWepBHYHOM, TaK HM IIpH MOBTOPHOM H3y4eHHH H3 
26mlerO UNCIa HAGOMaAeMbIX JeTeH y 2 OblJIH OTMCYCHbI CHJIbHbIe HEPBHBIe Mpo- 
qeccbI C Mpeo6aqaHvem Bo36yxeHHA, y | — CHJIbHbIe H YpaBHOBellleHHble Ipo- 
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NN oneimo6 


IfeCCbI B KOPe FOMOBHOFO Mosra, 2 JeTelt Obl OTHECeHbI K ca6omy TuMy (pu. 3 
u 4). 


CTBOBaHHA, perHcTpupyemMasx Cc MOMOULbIO akTorpada. Bpiio BbIACHeHO, aq 
pa3IM4HA JBHraTebHOM AKTHBHOCTH, HaOOWaeMble B CaMOM paHHeM H Coulee} 
cTapllieM BO3pacTe, MOAOOHO OCOOeHHOCTAM BbICIUeH HeEPBHOH MeATeJIbHOCTH,} 


OCTAIOTCA B CYILCCTBEHHbIX YePpTaxX HeCH3MCHHBIMH. 


HBIX (PH3HOJIOTHYeCKUX MeTOAMK, TaK HW MpH NOBTOPeHHM UCCeLOBAaHHH yepes 
3HAYHTeJIbHBIM MHTepBas! BPCMEHH C MOMOL[bIO OHOM HM TOM Ke MeETOMKH, OKa-| 
3bIBalOTCA IIPpaKTHYeCKH TOK JeCTBEHHBIMH. 


VMxctuTyT HOpMasIbHOM u MaToJorHuecKol cu3sHoOrHu Tlocrynusio 
AkajJleMHH Me€MIHHCKHX HaykK CCCP 5 VIII 1960 


UMTHPOBAHHAA JIMATEPATYPA 


1B. TW. Bukos, Uccneqopanve BpospacTHblx HW THNOMOrH4eCKHX OCOOeHHOCTeH BB. H. J. 
co6ak B onToreHese, Kang. mucceprauua, M., 1958. 2 JI. B. Taxkewab, ®usvon. xypHe 
CCCP, 37, Ne 5 (1951). % A. H. Tas gosa, BkH. Mspecrun AIIH PCOCP, zs. 52, M., 
1954. 4B.A. Espcees, Pet. goxn. V xkondep. moog. ya. Wucr. Hopm. u mar. | 
tbusvon. AMH CCCP, M., 1959. 5A. Tl. Kpwuxkosa, UW. M.OctposcKkaa!) 
DKypH. Bbicm. HepB. FeaT., 7, B. 1 (1957). © HW. TW. Kopotxkun, B ku. Ocu. mex. yen.- 
peda. weat. pe6denka, M.— JI., 1930. 7 JI. A. Il[peo6paxeuckKaa, wut. no 4.) 
83. JI. CenokesBuu. B kx. OcH. mex. yea.-pepa. gest. pedeuxa, M.— JI., 19305) 
9A. XuabueukKo, Ou3svon. *®yph AH YCCP, 1, Ne’ 5 (1955); Ousvon. xypH. | 
AH YCCP, 5, No 4 (1959). 2° JI. E. Xosax,B cOopxH. Oxcn. uccn. B.H.. peOeHKaym 
MOBS 


4 


a 


Nornagn AkawemMun nayr CCCP 
1964. Tom 136, Ni 3 


PHSHOJIOrH A 


JI. Bs. MABJIAXHHA 


O BOSMO)KHOCTH HCIIOJIbB30OBAHHH HAMMYHOJIOPMYUECK UX 
METOJOB MCCJIENOBAHHS B W3Y4EHWHM NMATOPEHE3SA 
BTOPHUHOFO AMHJIOHO3A 


(ITpedcmaeaeno axademuxom A. H. Baxyaesoim 2 VII 1960) 


_ OTHocHTeIbHO MyTel O6pa30BaHHA HM \OTMOKeHUA AMUIOHZa B TKAHAX 4eJIO- 
ieKa B HaCTOAlee BpeMA He CyllecTByeT elMHOrTO MHeHUA. HaxomxeHHve sTOrO 
ie1Ka B HeMOcpeJCTBeHHOH OM30CTH K SHAOTEMMIO KaMMJIIApOB M0 XOLy peTHKy- 
(HHOBbIX BOJIOKOH JaBaJIO OCHOBaHHEe HEKOTOPHIM UCCJIeEMOBATeIAM CUHTATL, YTO 
H MpescTapiaeT coOo1 NpOLyKT WHdUAbTpaWMu WM OTHOMKeHHA MWNasMeCHHBbIX 
i@IKOB. B MOJIb3y STOH TOUKM 3peHuA roBOpua HaGsMOLaemad IPH amusonose 
MMOMpOTeHHeEMMA CbIBOPOTKH: KpOBH. OfHako COBCeM HeaBHO Obl NOyYeH 
(AJ, SKCIEPHMEHTAJIBHBIX JAHHbIX, CBUETEJIbCTBYIOINIMX O TOM, YTO OOpasoBaHHe 
IMMJIOHa CCTb TAK2%KE M AKTUBHHIM Mpolecc, CBA3AHHbIM C H3BpallleHHeM OeJIKO- 
O-CHHTeETHYeCKOH (yHKWMU peTHKyJO-39HAOTeMMaMbHOH cucTemp! (1,). 

CBA3b Ke BTOPHYHOTO aMUION{03a C AMMTeNbHO TeKylleH HHdeKWHeH, Xpo- 
[M4eCKHM BOCIIavIeHHeM, THOMHbIMM MpomeccaMHu, a TakxKe C MpoOOIMKUTeIbHOK 
IMMyHH3alHeH JoulayeH, Mo3sBomMO0 Loeschke (°), a 3atem Letterer (*) BbicKa- 
‘aTb HHY1IO TOUKY 3peCHHA Ha NaTOreHe3s aMUJIONL03a, COrIaCHO KOTOPOH aMHJIONL 
TKa{bIBaeTCA B TKAHAX MO THMY peakIHH aHTMreH — aHTUTeNO. OO 9TOM TaK- 
Ke CBHJeTebCTByeT HaOsIOJaemoe pH aMHJIONM03e yBeM4YeHHe CcOepxKaHHA 
‘NOOYJIMHOB CbIBOPOTKH KPOBH BOOOLIe, Y-rOOyMHOB B uacTHOcTH (°-*). OfHa- 
cO HMeIOTCA YKa3aHHA Ha TO, YTO AMUJIONT NMpescTaBAeT COOOIO HE MIpOcTo Mmpo- 
\YKT HaKOMJIeHHA MpelunuTata aHTHreH — aHTuTeNo. Tak, Giles u Calkins, 
‘bISKIBAA AMHJIONJO3 y KPOJIMKOB Ka3€HHOM, OTMe4aJIM HEKOTOPOe HECOOTBETCT- 
sH€ M@XKLY THTPOM AHTHTeJ TIpOTHB Ka3eHHa UM COsepKaHHeM AMMONIA B Opra- 
tax (°). Ha ocHoBaHHH STOrO ABTOPHI MIPIM K BLIBOLY, 4YTO B Mpomecce oOpa- 
OBaHHA aMHJIOWa, O-BHAHMOMY, OlpesesieHHoe 3Ha¥eHHe MMeIOT HeMpHUMNH- 
‘Upyloulve aHTHTeJla WIM KaKHe-TO HHbIe HMMYyHOOrMYeCKHe akTopHl. T akon 
Ke TOUKM 3peHHA IIpHyep2xKUBaIOTCA HM HeKOTOpble Apyrue uccseqopatenn (°,*°). 
[aKHM O6pa30M, 9Ta, Ha Halll B3TvIs 1, HauOoslee NepCNeKTHBHAA TOUKa 3peHHA 
16 HMMYHHOM XapakTepe OOpa30BaHHaA amMuJiONa He NOyuua WO HacTOAero 
speMeHH OKOHYATEILHOrO IKCHeEPHMeHTAaJIbHOFO MOATBEpxKTeHMA. 

Ham Ka3asiocb, 4TO BOIIpoc 06 yuacTHH HMMYHOJIOTMYeCKHX peaKUMH B MaTO- 
‘eHe3e AMUJION03A MOET ObITh PeLieH JIMUIb MPAMbIM IyTeM C HCHOMb30BaHHEM 
‘TIeIMMAJIbHbIX HMMYHOJIOrM4eCKHX MeTOJOB HccleqoBaHHA. Hactosujaa padotra 
IBUJIaCb MOMbITKOM SKCIHEPHMeHTAaJIbHOTO HCCJIeOBaHHA BOMpoca O TOM, CyLLeCcT- 
syIOT JIM B KpOBH OOJIBHbIX, CTpafalolluxX AaMHJION{030M, KakHe-IMOO cnemuH- 
lecKHe aHTuTevia. Jia STOW We Oblia MpHMeHeHa PpeaKUHA CBASbIBAHHA KOM- 
temeuta (PCK), ABJIsIoMLaica OHO M3 HavOoee YYBCTBHTEJIbHbIX CepOsOrH- 
(eCKHX peakHi. 

Jia MMMYyHOJIOrMuecKHX HCCeJOBaHHH Oba HUCHOIb3OBaHa CbIBOPpOTKAa 
‘pynHo KpoBu BY ciyyaax xpoHuyecKoro (uOposHO-KaBepHosHOrO TyGepKysie- 
sa JIEPKMX, OCJIOKHEHHOFO AaMMJIONL030M. KOHTPOJIeM CAYKUNa KPOBb 3LOPOBbIX 
nogeli, a TaKKe CbIBOPOTKa KPOBH, B3ATad B CJlyyae TyOepKywlesa WerKuXx 6e3 
IpH3HakOB amuuioujosa. Jia uccleqoBaHUA BIMAHHA TP YMHEIX H3MeHeHHH Ha 
*egenne PCK ObIJIM MOCTaBJICHbI KOHTPOJIbHbIC OMbITI C TPyNHOH KPOBbIO, B3ATOK 
3 cjlyyae KOPOHapHOH HeOcTaTOUHOCTH. 
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B KauecTBe aHTHreHa ObIIM HcnO/b30BaHb! GeKOBbIe (pakUMH aMHIOHT 
BbIeIeHHbIe 10 MeTogxy Hass u Schulz ("“) u3 aMuOMHOH3MeHEHHEIX MeveHH |} 
MOUeK, B3ATbIX y TeX 2Ke TPyMOB, y KOTOPbIX Opa KpoBb. Ofna M3 STUX pa 
iui — OCHOBHaA aMWJIONAHaA PpakuwHA — OCaxKalacb U3 WIeJIOUHbIX 9KCTPa 
TOB TKaHeH YKCYCHOH KuCJIOTOH. Ona cocToOANa H3 BYX KOMMOHEHTOB, OJIM3KH) 
10 3eEKTpotbopeTH4eCKOH NOABUXKHOCTH K G,-H Y-POOyJIMHaM CbIBOPOTKH KPOB 
u Japana PAS-nooxUTeIbHYIO peaKkIHIO B OONACTH O6OHX KOMNOHeEHTOB. BTO 
pasa — BokopacTBopuMaa — *pakuHA OcaxKMalacb CNUPTOM HM OOsaqala seKT 
podopernyecko MOABMKHOCTHIO, ONM3KOM K B-rmo6yiuHy cbIBOpoTKH. Ma3o 
ee apa Cla6ylO MeTaxpOMa3Hl0 C TOJYHAMHOBOH CHHbIO. OOa aHTHreHa FOTOBU 
iM B pasBeyenuH 1/50; 1/100; 1/300; 1/500; 1/1000; 1/1200; 1/1500. 

B cBa3H Cc TeM, YTO BOMOpacTBOpHMas *pakWHA, KaK BbIACHHJIOCb B aibHeH 
WeM, OOaqama reMOJHTHYeCKHM JleHCTBHeM BO BCeX Pa3BeeHHAX, B OMIbITAa 
Oba HCMOIb30BaHa TOJIbKO OCHOBHaA, AMHJIOMNAHAaA CpakHsA. 


TaOauna 4 | 


PeakUlid CBASbIBAHHA KOMIJIeMeHTa Me?KY aMHJOHAHBIMH OeKaMH M pa3JHUHbIMH CbIBOPOT- 
KaMH KPOBH 


Amuso neyeHu 


PaspeqeHue 
YiccleqyeMaA CbhIBOPpOTKa aHTHreHa H 
CbIBOpOTKH 


I. CetBopoTKa KpoBH 1/500 
pH aMUusouzo03e 1/1000 
1/4200 
1/1500 
Il. CetpopoTka KpoBHu 3]0- 4/500 — — + — + 
POBBIX st0Jeti 1/1000 = = = 
1/1200 
4/1500 


III. Cetoporka TpynHok 1/1200 
KpOBH B cayyuae TyOep- 
Kywlesa 


1V. CpIBopotka TpynHol 1/1200 
KPOBH B CJlyyae KOpoHap- 
HOH HeqocTaTouHOcTH 


(mpoyoumKeHHe) 
Amusiouyx MeveHH AMHJIOHA nNouKu 
Hccnegyemaa PasBeyeHHe 
Sree Resonance alent VII Vil IX VII Vu a 
l. 4/500. | et shoe +44 
1/1000 | ++) 4+) +44] 44+ [+44] +4) +44 
1/1200 |+-+4)p-p+t fttt+ |t+++ | +++] +4}44+4+4+ 
1/1500 J++) +++ | aan? : 
Te 1/500 — + + 
1/1000 — — eS —_ aie pe a. 
1/4200 —- oo — == + _— = 
1/1500 — — — 
Ue. 1/1200 — 4. a = nee ne 
VE. 1/1200 — = za alle — so 


IIpumeuanune. J—IX—nomepa cayyaep. ++-+-+ nomad sayepxKa remomusa, 
+++ 3afepxkKa CO cieqamu remouu3a, +-++ yvacTHuHad 3afepxKKa C ACHO BbIPaxKeHHBIM 
TeMOJIM30M, -+- ACHO BbIpaxKeHHblli TeMONH3 CO ceqaMM HepacnaBUIMxcA SPpHTPOUMTOB, 
— TOJHEI remomus. 
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PeaKIHi0 CBA3bIBAHHA KOMIIJIEMeHTa CTaBHJIH OObIUHBIM NyTem (m0 Bopy> 
u )Kaury). Uccsieqyemble cbiBOpOoTKH ObIJIH HHAKTHBUPOBaHbI B BOJAHOM GaHe 
mp 50° B Teyenve €O MHH: HW MpHroTOBJeHbI B pasBemeHHu 1/5; 1/500; 1/1000; 
1/1200; 1/1500. Pemouutuyeckas cHucTema cocTosla 43 paBHbIX OObeMOB reMOuIH- 
THYeCKOM CbIBOPOTKH, Pa3BeeHHOH MO THTpy (THTP TeMOJHTHYeCKOM CbIBOPOTKH 
ycTaHaBJIMBaH BCAKHH pa3 Np MOcTaHOBKe peakuHH) u 5% cMecH 6apaHbUx 
SpHTpouuTosB. B KayecTBe KOMMJIEMeHTa HCMOMb30BaIIH MpOaxKHY!O CYXYt0 CbI- 
BOPOTKY MOJIOMbIX CBHHOK. UTeHve peaKUHH MpoBogxuH yepes 30 MHH. Tlocule 
AoOaBJIeHUA reMOJIMTHYeCKON CHCTeMbI, a Tak2%Ke Yepes 24 yaca Nocse NOCTaHOBKH 
peakiHu. PesyibTaTbl peak OTMe¥aIH MO YeTLIPeXIIOCOBOH CHcTeMe. 

Bcero OblJI0 HCCJIeEHOBaHO JeBATb CbIBOPOTOK KPOBH, MOCTaBJIeHO OKOVIO CTA 
peaKWWii CBxA3bIBaHHA KOMIJIeMeHTA. 

Pe3yIbTaTb! MpOBeJeHHBIX HCCEMOBaHHH MpescTaBeHb! B Tabs. | (B Ta6uH- 
Uy BKJIOYHbI MAKCHMAJIbHbI€ Pa3BeeCHHA CbIBOPOTOK HM AHTHTeHOB, pH KOTO- 
PbIX Pe3yJbTATbI peaKWHH ObIIM BbIPaKeHbI elle JOCTATOUHO YeETKO). 

Kak BHHO W3 MpeCTaBJICHHbIX JAHHBIX, HCCJIeYeMble CbIBOPOTKH aBasin 
BeECbMa YETKYIO MOJOXKUTEIbHYIO PeaKIUHIO CBASbIBAHHA KOMIJICMeHTA C TOJy- 
YeHHbIM HaMH OeJIKOBbIM aHTHTeHOM. HaoOopor, pu HCMOb30BaHHH CbIBOPOTOK 
KPOBM 3OpOBbIX JOJeH HW CbIBOPOTKH TPpyMHOH KPOBH B Culy4yae KOpOHapHOH 
HegocTaTouHocTH PCK 6bia Bcerya OTPHUaTeMbHOH. OTH pe3yJIbTATbI CBULeETeJIb- 
CTBY!OT O TOM, 4TO B KPOBH y JIM, CTpamarolwiHx, AMHJIONO30M, JeHCTBUTeJIbHO 
coyepxKaTca KaKHe-TO chelupuyeckHe aHTHTeNa, CMOCOOHbI€ CBASbIBATLCA C aMH- 
JIOMJHbIMU GeIKaMH, BbIJeJICHHBIMH U3 OPpraHOB TeX Ke TPyMOB, y KOTOPbIX Oba 
B3ATa KpOBb. CuleyeT OTMeETHT, TO HaOsIOMaeMad HaMH 3afepxKKa PCK o6yc- 
JIOBJIGHAa HMCHHO HaJIM4HeM B OpraHax MaTOJOrHyecKUX OesIKOB, a B KpOBH — 
COOTBETCTBYIOWMX HM AHTHTe/I, a He TyOepKywle3HOH HHeKWMeH, TaK KaK IPH 
HCHOJIb30OBaHHH CbIBOPOTKH KPOBH, B3ATOH B culyyae TyOepKye3a MerKHX, He 
OCJIOXKHEHHOTO aMHIoHy030M, PCK Opiia Bcerga OTPHLaTebHOH. 

TlonoxKuTenbHad peakILMA CBA3bIBaHHA KOMIMJIeMeHTa Mexky OeKaMH aMH- 
JIOHJ{HOH3MeCHEHHBIX OPraHOB MH OeKaMH CBIBOPOTKH KpOBM OfHOrO H TOrO Ke 
OpraHH3Ma JaioT HAM OCHOBaHHe CUHTATb, YTO B MaTOreHe3se AMHMOWL03a MOryT 
MrpaTb HEMAJIOBAKHY!O POJIb ayTOAarpeccHBHble Npoleccbl, Korma OeKH camoro 
OpraHH3Ma BBICTyMaioT B pOJIH aHTHreHoB. B Mowb3y STOFO TakKxKe FOBOPHT OTMe- 
yaeMoe pAOM HcceqoBaTeselH CXOJCTBO XHMHYeCKOrO COCTaBa aMHJIONa HU He- 
KOTOPBIX NaTOOrHyecKHX OeJIKOB, NOABJIAIOUIMXCA B KPOBH IIpH aMHIOHLo3e 
(12, 18). Takoe nojlomxeHHe aeT HAM BO3MOXKHOCTh IPHHATb KaxKYy10 U3 HMeIO- 
ULHXCA B HAaCTOALee BPeMA TOYeK 3PeHHA Ha MaToreHe3 aMHONZO3a (HHPMIb- 
TPalHOHHy!10, CHHTeTHYeCKYIO H HMMYHOJIOrH4eCKyI0) AIA OObACHEHHA PasvIHy- 
HbIX CTaMHH 9TOTO MaTomorMyecKoro lpomecca. 

B ycioBHaX MposomuKUTebHOH Meperpy3KH OpraHH3Ma OesKOM (HarHOUTeIb- 
Hble Mpoueccpi (14), TKaHeBOH pacnayz, HCKyCCTBeHHOe BBeeHHe OesiKa B Opra- 
HH3M B 9KCIMe€pHMeHTe) MpOWCXOLHT OOKHpOBaHHe Oe/IKOBO-CMHTeTHYeCKON 
@YHKUHH peTHKYJIO-9HLOTeIMaIbHOH CHCTeMbI, a B J\aJIbHeHINeM HM MOHOe ee 
H3BpatleHvHe. B pe3ymbTaTe 9TOrO KNeTKH POC HayHaioT, MO-BHAMMOMy, IIpo- 
AYUHpoOBaTb MaTosorMyeckHe OeKH HEOObIYHOHK AIA JAHHOrO OpraH3Ma CTpyK- 
Typhi (ayroauTureubt). Ha Taky10 BO3MOXKHOCTb YKa3bIBaIOT yBeJIMYeHHe NHPOHH- 
HODHJIMH WJa3MaTHyeCKHX KJIeTOK, MpeslecTByiulee OOpasoBaHHio aMUJIONI- 
HbIX OTJIO*KeHHH (7), NMoABMeHHe B KseTKax POC KOHTO-pOT-MO/OKUTEMbHbIX 
rHasMHONOAOOHHIX OOpasoBanHii (1°,1°), [locrynas B KpoBb, 9TH NaTOOrMyecKkHe 
OeIKM BbISbIBAaIOT NOABJIEHHe B Hell COOTBETCTBYIOULUX ClelupwyecKHX aHTHTe 
(ayToanTuTen). IIpoxykT coeqHHeHHA STHX OeJIKOB pa3sHOCHTCA TOKOM KpOBH M10 
OpraHH3My H, MO-BHAMMOMY, OTKabIBaeTCA B TKAHAX B Bue AMMONIA. 

B aWHaMHKe amMMsIOH03a MOKHO, TAKHM OOpa30M, pa3syiMuaTb Be (asbl: 
1) BOSHMKHOBeHHe ayTOAHTHreHOB HM COOTBETCTBYIOMNIMX ayTOaHTHTeN; 2) CBA- 
3bIBAaHHe ayTOaHTHTeHa C AYTOAHTHTeJIOM C OOpa3s0BaHHem CMelluuyecKuxX KOM- 
MJieKCOB HW (pHKCAallWA MOCeqHUX TKAaHAMH TeX HJIM HHbIX OPraHos. 

BuBpogu. 1.C momombio peak CBASHIBAHHA KOMIIJIeMeHTA, NOCTaBJIEH- 
HOH C CbIBOPOTKOH JHU, YMeplIHX OT aMHJIOW03a, H aHTHIeHOM, BbIJeJIeCHHbIM 
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W3 aMHJIOMHOU3MCHEHHBIX OpraHoB 10 MeTogy Hass.H Schulz yqanocb NokasaTb 
HasIMuve B MCCIELYEMbIX CbIBOPOTKaX CielM@MYeCKMX AHTHTe, CMOCOOHbIX CBA- 
3bIBATbCH C BbIMMeyKa3aHHbIM AHTHTeHOM. 

2. IlpeycraBmeHHbie JaHHble TOBOPAT B MOJb3y yYaCTHA HMMYHOJIOrMYeCKUX 
peakUHii B MexaHH3Me OOpa30BaHHA aMMJIOWa, MpoTeKaloulMx, MO-BHMMOMy, 
mo THMy ayToarpeccuH. 


VucrutyT HOpMasibHOH H MaTomOrHuecKOoH (bu3sHOuOrHH IlocrynnH0 
AxkayleMHuH MeQHUMHCKHX HaykK CCCP 24 VI 1960 
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Jornzagn Akagqemun nayr CCCP 
1961. Tom 136, Ne 3 


PHSHOJIOLH A 


Usen-koppecnonjent AH CCCP fr. H. CIEPAHCKHM u 10. M. MPATYCEBMY 


AWMHAMUKA PEAKTHBHDBIX MOTEHUMAJIOB TOJIOBHOrO MOSTA 
Y METEM MPH BJIOKAXE M-XOJIMHOPEAKTHBHBIX ;CHCTEM 
_ WEHTPAJIBHBIX CHHATICOB MO3rOBOrO CTBOJIA 


B mpeapiqyuux HaliMx padotax ('?-1°) 6plio0 ycTaHOBJeHO, TO yyuleHHe 
DOWeCCOB JBYCTOPOHHeEH CHHXPOHH3allHH Pe€aKTHBHbIX MOTeHIHaIOB (mpeumy- 
€CTBEHHO 3aTHIJIOUHIX OOJIACTeH) HEMOCPeACTBEHHO He 3aBHCHT OT KOPbI HM ajipeH- 
WHYeCKHX CHHAalCOB MOsroBOrO cTBOa peGeHKa. Ilepeq Hamu Tora BCTAa 
Mpoc O MeXaHH3Me STOTO ABJeHHA. YNOMAHYTOe ysIyaIeHHe TBYCTOPOHHel 
IHXPOHH3al\HH Ip YMCTBCHHOM YTOMJICHHH, Ip TOPMOXeHHH FOJIOBHOTO MO3- 
i OapOamMuJIOM, MIpH OnoKaye alpeHspruyecKHX CHHAMCOB peTHKYJAPHOH op- 
aM CTBOIa MO3ra Mpola3sHHOM OblIO HaMH OMmMcaHO paHee ('4-1°), Tenepb 
aI IpeANONOKNIH, YTO UCCIeqOBaHHe M-xoOIMHOSPruyecKHX CHHAINCOB peTHKy- 
ApHOH POpMall{HH CTBOIa MO3ra BLIABHT HX POJIb B M@XAHH3Me Pe€aKTHBHBIX M0- 
‘HI[HaJIOB TOJOBHOrO MoOsra. 

B noncKax CHJIbHO JjeHCTBYIOWHX TpelapaToB, C MeHee 3HaUHTeJbHbIM TO- 
DYHBIM Je@HCTBHeEM, 4eM IipelapaThl (PeHOTHa3HHOBOTO pAa, MbI OCTAHOBMJIMCb 
a rpylme Tak Ha3bIBaeMbIX WeHTPaJIbHbIX XOJIMHOJMTHKOB. OHM OOKMpyioT Me- 
aaqy HeEPBHbIX HMIYyJIbCOB B XOJIMHOPeaKTHBHbIX CHCTe€MaX ICHTPaJIbHbIX CH- 
ancoB. OcHOBbIBasdcb Ha aHHbIx IT. I]. JTenucenxo (8), Mbl H36pamu “3 Wpemna- 
aTOB STOM TpyMbl WHPeHWTIUKONeBLIN SUP TWHITHMAMHHOSTAaHOWA, MOJyUHB- 
(HH B Hallie CTpaHe O*PUMMaIbHOe HA3BaHHe AMH3UI HW Ha3bIBaAeMbIN TakxKe [Ha- 
fl, Oe@HaKTH3HH, CHaBHTHJI, aMHTaKkOoH, M9OM-22 (omucaHHbili BiepBpie 
‘9HICOM Nox HasBaHHem BMH-5606) (*%). ! 

O61a,ah OVeHb CHJIBHbIM WEHTPaJIbHbIM XOJIMHOJIMTHYeCKHM JleicTBHeM Ha M- 
DJNMHOSPrvyeckue CHHANCh! PeTHKYJIAPHOH opMaluu (MmpeHMyllecTBeHHO 
5ulacTb CpefHero MO3ra), AMH3HJI MMeeT OOJIbILy!o TepaneBTHyecKyl0 WHpoTy, 
4aYHTeIbHO YCHJIMBaeT H MpOMiAeT JelicTBHe aHaJIbre3HPYIOULHX H MeCTHOaHe- 
Te3HPYIOUINX BeeECTB, CHHMaeT UYYBCTBO CTpaxa, CHHJPOM TpeBOXKHOrO HalIpsA- 
‘eHHA HM OecioOKOLCcTBA. 

Y Ka3aHHble CBOHCTBa aMH3HJIa OOyCJIOBHJIM ero IIpHMeHeHHe B HallleH padote 
NA NOTCHIMpOBaHHOH aHeCTe3HH B OTOJIAPHHTOJIOrHYeCKHX OMepallWAX y Je- 
4 11—15 ner. Unctpykuua DapMakosOorHyeckoro KOMHTeTA MO KJIMHHYeCKOMY 
PHMeHeHHIO TipelapatTa aMu3uJI yCTaHaBuMBaeT O3bI 1—2 mr 3—5 pa3 B JeHb, 
e. 3—10 mr B TeyeHHe THA CO CpeqHeli MPOAOJMKHTeJIbHOCTHIO NOJIYYeHHA Mpe- 
apara 4—6 nHezeuIb. 
 Ucnonp3yx aiekTpoaHuepanorpapuyecKHH aHaJIH3 PeaKTHBHbIX MOTeHIMa- 
OB MO3ra B OTBET Ha PHTMMYECKY!IO CBeETOBYIO CTHMYJIALMIO, MbI OlpeyesHJIH 
MHUMAJIbHO ocpeKTHBHbIe WO3bl amususa per os. Ilocnequuii JaBasca B TaO- 
eTKax (m0 0,0002r) B go3e or 0,2 mr go 0,6 mr OfHOKPaTHO, B 3ABHCHMOCTH OT 
‘D8pacTa, BeCa H HHIHBHyaJbHbIX OCOGeHHOCTeli HepBHOH CuCTeMbI peOeHKa. 
TH NO3bI OKa3bIBaIM Cuemyrollee JelicTBHe: a) YCHJIMBaIH HM MposeBaslu Jei- 
TBHe HOBOKaHHa, 6) CHHMaJIM UyBCTBO CTpaXa M CHHPOM TpeBOXKHOFO HalipA- 
@HHA MW OeCNOKOMCTBAa, B) MOJHOCTbIO COXpaHAJIM CO3HaHHe, Tr) Mpexynpexya- 
‘M pBOTY pH onepalun, 7) BHIZbIBAaIH OMpesemeHHbe cyBurM QOl. Jlosa amu- 
ana ua | xr Beca peOenka Onia oT 5 no 10 pr. 

_ PeakTHBHble MOTeHWMasbI TOMOBHOFO MOSra HCCJIeELOBaIHCb Ha 8-KaHaJIbHOM 
MekTposHuepasorpade cdupmer <AbBap» NO u cilycTa 40 MuH. Mocme MpHema 
Musuna. Metoquka aHaiu3a peakTHBHBIX MOTeHIMaJIOB OMMCaHa HaMH pauee ("). 
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PesyabTatTH I[lpu Hanwunn sppeKkTMBHOrO KJMHMYeCKOrO jelcTBU) 
ONOKHpytollero BeWLeECTBa, IPHMeHEHHOTO B MHHHMAJIBHBIX 203aX, Oblm0 OGcse 
jopano 30 mete. M3 Hux y 22 neteh (73,4%) SHepruA CHHXPOHH3HpPOBaHHBEl) 
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Puc. 1. Vccneqopanne peakTHBHbIX MOTeHUHator Tam C., 14 mer. 23 V 1960 ©. a ~ Jo amy 
3ua, 6 — uepes 40 muH. nocule npHema BHyTpb 0,4 mr amusuua 


KOJIeOAaHHH MW KOSPPHIWeEHTAa CHHXPOHH3alHH BOSPOCJIH MOA BOszeHCTBHem aMH 
sua, y 7 JeTeH (23,3%) 06a 3TH MOKa3aTeIA PeAKTHBHbIX NOTEHWHAJIOB FOJIOB- 
HOrO MO3ra JO HM Mocwe NpHMeHeHHA AMH3HIa CYyWeCTBEHHO He H3MeHHVJIHCb, 


9, y | pe6enxay(3,3%) yKasaH- 


90 HbI€ NOKa3aTeJIH MOHHKAaJIHCh. 
80 Ha puc. 1 u 2 mnpupBefex 
70 KOHKpeTHBIM CIyyaH BO3jeHCT- 
60 BHA aMH3Hla Ha peaKTHBHble 
1 50 noTenuHavbl y Panu C., 14 ser. 
yah Ha puce. la BuaHa 3anNvcb peak- 
70 THBHBIX IOTCHWHaIOB B OTBeT 
20+ Ha CTHMYJIAIMIO PHTMHYeCKH 
ot cBeTom yacToTor 15 ry 70 MpH- 


; ntbetn eMa aMH3HJIa, IpH 9TOM pesKO 
37 it 15 19 23 0 3seu 3 7 W 15 19 23 28 35 eu BEIPawKeHa  OpWeHTUpOBOUHAad 


p 0-H r C. 93 V 1960 KOKHO-TaJIbBaHHyeCkaH pedK- 
HC. cceslenoBaHHe Tamm Tr. O aMu- 2 
sua (/) HM uepes 40 MHH. nocme mpvema BHyTpb 0,4 mr I RQ) Serena 
aMH3usa (2). a — kosppumvent cunxponusaunn (K,) Ap ae e DSP SES aoa 


YCBavBaeMbIX acToT,” 6 — o6ulaa sHeprua cuHxpo- 70M. 0,4 Mr amusHa BHYTpb 
HH3HPOBaHHEIX KoNeOaHuii (LA ,) WIA Kayo yactoTht MOJIHOCTbIO CHAM YYBCTBO 


cTpaxXa WH CHHApPOM TpeBOx- 
HOPO HallpsxKeHHA WH OecnOKOHCTBa BO BpeMA ONepanun. Ha anekTposnuedano-| 
rpaMMe 3aperMCTpHpOBaHO yJIyUleHHe yCBOCHHA PHTMHYECKOFO CBeTa H YBeVJIH- 
YeHHe aMIWIMTYIbI peaKTHBHbIX NOTeHWMaOB Mo3ra (pue. 16). OpHeHTupoBo4-' 
Has KOKHO-raJIbBaHWyeckad peakUMA Ha puTMuYecKHH cBeT (RPQ) yracua, 
UbIXaTesibHad KPHBaKd CTaa Govee NaBHOH. AHecTe3HA HOBOKaMHOM Obla MOJI-| 
HOH, MOCJIe HOBOKaHHa OTCYTCTBOBa MepHo OGOCTpeHHOH UyBCTBHTebHOCTH, 
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KOTOPbIH OObINHO HacTyMaeT yepe3 1—2 uaca Mocyle BBeMeHHA HOBOKaHHA. Byo~- 
kayla M-xXOJMHOpeaKTHBHBIX CHCTeEM CHHANCOB PeTHKYJAPHOH bopMalluH cTBOWIA 
MO3ra AMH3HJ1I0OM, KaK BUJHO 3 aHaH3a, NpeqcTaBseHHOro rpaduyecku (puc. 2a 
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Pue. 8. Uccneqopanve peakTuBHEix noTenuvastos Tamu A., 13 wer, 29 VIII 1960 r. 
a 4 6 —TO Xe, uTo Ha puce. | 


Hu 6), BbISBaIa 3HAYHTeIbHOe yBeIHYeHHe KOS*PHIHeEHTAa CHHXPOHH3AllMH HU 
3HeprMH CHHXPOHH3HPOBaHHbIX KOJIeOaHHH MO BCeMYy CII€KTpy YaCTOT peaKTHB- 
HbIX MOTCHIHAJIOB FOvIOB- 

HOrO Mosra. %o 


Hapuce. 3\u 4 npep- 
CTaBJIeHbI 3JIEKTPOSHIe- ae 
qdasorpaMMbI WH rpapHkKu 60 
C pe3ybTaTOoM aHauuga Ue 
peaKTMBHbIX MOTeHILHasOB 60; 
Ipyroro KouKpetuoro = | s0+ 
cnyuas, Korga y Tamm ~ 4b 
A., 138 met, Takaa xe 30+ 
yo3a amususa (0,4 mr) 20 


BbISBaIa He3HAYHTeJIbHOe 10 
H3MeHeHHe KOSPpNUHeHTAa 
cuHxpouu3aunn. Tlocnex- 

HHH ye JO BBeJeCHHA Puc. 4. Uccnegopanne Tamu A. 29 VIII 1960 r. fo amusuna 

OOKupyrollero BellecTBa (/) u 4epes 40 MHH. mocme mpvHema BHYyTpb 0,4 mr amMH3HJa 

ObIJI BbICOKMM H ocTHrad (2). a H 6 — To xe, uTO Ha pue 2 

B cnekTpe3—l5ru 100% 

(puc. 4a). 3aTo mocuie mpHeMa aMM3HJ1a MOUTH BABOe YBeMMIMMACh SHEPrHA pe- 
 aKTHBHEIX MOTCHIIHaJIOB, PIaBHbIM OOpas0M B LWeHTpe ClileKTpa yCBaHBaeMbIX Ya- 
ctor: c 3000 no 5500 ps (puc. 46). 

IIpuseyenuplii (akTHuecKMH MaTepHas Kak NO BeJIHYMHE NOSHPOBKU OJIOKH- 
pyloulero BellecTBa, Tak H MO 9eKTpOsHUepasorpapuyeckuM NapaMeTpam KO- 
opHUMeHTa CHHXPOHH3alHH M SHEPrMM peaKTHBHbIX MOTCHWMAIOB CBHTECTCJIb- 
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crByeT, 4TO OmoKaza M-xomHHOpeaKTMBHBIX CHCTeM I[€HTPaJIbHbIX CHHAMCOB 


y MeTeli Souee adppekTuBHa, YeM MOAOOHAaA ONOKaa apeHOpeaKTHBHBIX CHCTeM 
MOSsroBoro CTBOWa. YBeHYeHHe YNOMAHYTHIX NapaMeTpoB MpM eHcTBHH Mpo- 
a3HHa HaOvOfa0cb B 62%, a mpu JelcTBHH amusnia — B 73,4% Bcex OOcuJe- 
JOBaHHBIX JeTelt. YMeHbUIeHHe STHX MapaMeTPOB pH AeHcTBUH Nponasnna Ob1WIo- 
y 19%, a mpm yelicTBuu amu3suia — y 3,3% BCex OOceqOBaHHbIX JeTel. Mupi- 
MH CJIOBaMH, YBeJIMYeHHe YHOMAHYTHIX MapaMeTpoOB IPH TeHcTBHH aMM3usa ObI10 
6olee SHAUHTEJIbHBIM, YEM IPH TeHCTBHH Mpomasnna. 

BecbMa HHTepecHble 2KCIHePHMeHTaJIbHble paOOTbI Ha 2%KHBOTHBIX O M€XaHH3- 
Me CHHXPOHH3allHH B TOJOBHOM MOsry ObIIH ONYONHKOBaHbI UTaIbAHCKMMH aB- 


Topamu (‘~°), Onw NoKka3aH B yOeAHTeJIbHbIX IKCMEPMMeHTAX, YTO B Kay]aJib- _ 


HOH 4aCTH PeTHKYJIAPHOH COpMallMH MO3roBOrO CTBOa Ha ypOBHe Mpoyouro- 
BaTOrO MO3ra HMEIOTCA CTPYKTYPbI, OCYLLECTBJIAION[He CHJIbHbIe TOHHYeCKHe U 
CHHXPOHH3Hpylolllve BO3eHCTBHA Ha BbIlesexKallve OTAeJIbI TOMOBHOTO MOSTa. 
Tlocuequve na6oyenusa Ha wogAx (2?) noKa3aH, YTO pa3sqpaxkeHHe IIpu Helpo- 
XMpypruyecKHX OnepallHaAX KayabHOrO OTAeNa MOSroBOrO CTBOAa (MpoOOuTro- 
BaTbii Mosr, WHO IV 2xezyqOuKa, HM*KHeEOOKOBbIe OTeJIbI BaposMeBa MOCTA) 
BbI3bIBaeT JBYCTOPOHHIOIN CHHXPOHH3alHiO PHTMHKH M0 JHCTaHTHOMy THMy lpe- 
HUMYLU[e€CTBeHHO HeHPOHOB 3aTbIIOUHbIX H TEMeCHHBIX OOIacTeH. 

Hamu padorbl H yYNOMSAHYTHIe pe3yJIbTaTb! APyFHX AaBTOPOB MPUMBOLAT HAC 
K CJIe€RyIOUeMy BLIBOLY: HelponeruKH (MpoMma3sHH) WH WeHTpaJIbuble XOJMHOJH- 
THKH (aMH3uu1), OOKHpyA aypeHo- wu M-xomHHOpeaKTHBHbIe CHCTeMbl BepX- 
Hero OTJea PeTHKYJIApHOH dopMalHH MO3roBoro CTBOa, MO-BHAMMOMY, 
BbICBOOOXKLaloT PiyOOKHe CHHXPOHH3HPYIOUlve BOSJeCHCTBUA Ha JlexKalllve BbIMe 
OTJeJIbI TOMOBHOTO MO3ra CO CTOPOHbI KayabHOrO OTJeNa peTHKYAAPHOK op- 
MallHM MO3roOBOro CTBOWA. 

IIpunocum Hauty OnaroyqapHoctb ®, ®. Manomyxy 3a MpesocTaBseHHy!o 
BO3MOXKHOCTb OCYI[€CTBHTb B PYKOBOAMMOH HM KJIMHHKe HacTosuly!o padoty. 


Tloctynuio 
22 X 1960 
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PHSHOJOTHA 


Axagemuk B. H. YEPHHPOBCKHH, P. A. YPHHSAH u C. M. 3APAHCKAS 
HEKOTOPDIE JAHHbBIE K AHAJIN3Y BbISBAHHbIX MOTEHILMAJIOB 


B mocjeqHee BpeMA B 4NCIIe OHOSJIEKTPHYeCKHX Peak KOPbI Oo/IbUIUX 
nosywapHui ObimM onucanp ('~*) BEISBaHHbIe MOTEHUMAaTbI C HaYaIbHOM OTpUa- 
TembnoH dbason. K. M. Kyananga u B. H. Yepuuroscxun (') o603Hauuau sty 
peakuwio KaK paHHIOIO OTpHilaTebHy!0 (POP). 


Pue. 1. Tonorpadusa BbispaHHBIX MOTeH- Puc. 2. Tonorpadusa mosaspHocTH  BBI- 
WHaIOB B OOaCTH MpelCTaBHTeJIBCTBa 3BaHHBIX NMOTCHIMAaOB, ToH «xe OOsa- 
TepeqHeH KOHeuHOCTH B I ComMaTHUeCKOH CTH, uTo H Ha puc. 1. A — ®MAPOP u 
30He KOPbI pH pa3qpaxenuu pl. brachi- NOTeHUHaJIbI, OTBOAHMbIe B Hel; B — 
alis. SamrpHxoBaHbI cBepxy BHH3 o61a- ®MA IIO 4 noTeHUHanbI, OTBOLHMBIe 
CTH IIpeCTaBHTeJIbCTBa: Ta30BOrO HepBa, B Heli; B — HM — noTeHiHadb, OTBOLH- 
gafHeii KOHeYHOCTH, UpeBHOro HepBa, MbI€ B COOTBETCTBYIOWIMX TOUKaX, OKpy- 
mepeqHeli KOHeYHOCTH H JIHWeBOH 4acTH 2KaloulHxX oKyCcbl 
TOJIOBbI 


B nactostmel pa6oTe IpHBOAATCA HEKOTOpble JaHHbie 10 aHamHsy OnonmoTeH- 
1HaJIOB, BbISbIBAeCMBIX B KOPe IPH CTHMYJIAWMH COMATHYeCKHX HEPBOB. 
VccneqopaHua MpoBOAMHCbh Ha KOWKAaX, NOPpyXKeHHbIX B JIerKHH Xopa- 
JO3HbIM Hapko3 (15—20 mr/Kr, BHYTpHBeHHO). B yacTH ONbITOB NpHMeHsAJICA 
HeMOyTaJI-XJIOpasO3HbIMi HapKO3 HIM YHCTHIM HeMOyTaJl, a Takxe MMOpPesaKCaH- 
/TbI (JHTHJIMH, HMcTeHOH). [loTentHaJbl OTBOXMIMCb YHHMOJAPHO B Iu IT comarTo- 
_ CeHSOPHBIX 30HAX KOPbI H MofaBasMCb Ha BXO] YCHJINTeIA C MMHEMHOM Xapak- 


'TepHcTHKOH B mpeyemax 10—1000 ru. 


CTMMYJIHpOBasIHCh OTJebHbIe BETBH KOHTPalaTepaJIbHOrO MeyeBoro ciue- 
TeHua. Mccneqopasica KaxKIbIM MHJIIMMeTp MpesCTaBHTeJIBCTBa MepegqHei KOHeU- 


HOCTH. 
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OTBOAUMBIe NOTEHIUMAaJILI OTMHUAIHCb KaK MO JaTeCHTHOMY TepHoxy Hu ammsu- 
Tye, TaK H MO NOJAPHOCTH HauvaJIbHOrO OTKJOHeEHHA. Ha puc. 1—3 noKa3ana 
TOnHorpaduA OTBOAMMbIX MOTeHWHaoB. M3 HAX BHAHO, YTO B Tipememax uccwe- 
AyeMoli 30HbI KOPKOBaA MOBEpXHOCTb MpeACTaBAeT COOOH Kak Obl MO3AHKy TO- 
YeK, TeHePHPYIOULHX OTBET C HavaJIbHO-NOJIOKUTEMBHBIM (++) H HadasIbHO-OTPH- 
IlaTeJIbHbIM (—) OTKJIOHEHHeM MOTeHWMaa. 

B HeKOTOPbIX y¥acTKaX 30HbI (pH. 2) 9TAa MOZAHKAa NOMAPHOCTH MpHoOpeTaeT 
OnmpelevieHHOe PaciovlOxwKeHhe, HU TOra NOTCHWHAbI ABJIAIOTCA JIHOO HayasIbHO 
(+) — nepsuunplt orset (I1O), 1H60 HayambHO (—) — paHHAA OTPHaTebHaA 
peaxuHa (POP). B o6onx 
cayyaax (puc. 1; 2A, 5; 3). 
MbI HMeeM JlevIo Cc ~boKycom 
M@KCHMaJIbHOH AKTHBHOCTH 
(MDMA). Muorga o6napyxu- 
Baetca Ba OMA IIO, pac- 
MOJIOXKEHHbIX IKCIEHTPHYHO 
Ha paCCTOAHHH HeCKOJIbKHX 
MUJIJIMMETpOB; B TaKHX CJIy- 
yaiX yjlaeTCA OOHApyKUTb 
u wpa ®MA POP (puc.1). 

OTH PoKychl [He ABJIAIOT- 
CA aOCOJIOTHbIMH, B TOM 
CMbICIe, YTO B HX Mpefemax 
HaOloqaeTcA MUrpaluAa m0- 
TeHUHaJIOB IpOTHBOTOJIOXK- 


Dat ‘ 2 HOH momsapHoctH. Tem He 
uc. 3. To xe, To H Ha puc. 1, Bo I] comaTHyecKoli 30He 
KOpbI. alliTpHXOBaHBI CleBa HampaBo oGsacTu mpencrapH- MEHCe B lpeleax OMA 
TeJIbCTBa: CJlyXa, 3a]H€li KOHeYHOCTH, Ta30Boro H upeB- BbISBaHHbIe MOTEHIH aJIbI 
HOrO HepBOB, MepefHeli KOHe4HOCTH, JMMeBOH YaCTH TO- YMeIOT PA XapaKTepHbIxX 
JIOBBI, Ouly2kKMalouero HepBa, CBepxy — TIpeACTAaBHTeJIb- IIPH3HaKOB. 1B) mpemcras- 
CTBO JIHILeEBOH YaCTH ToJOBbI B | ComMaTHYeCKOH 30HE JIAeT co6oli mByxa3Hoe KO- 
jeOaHve C HayabHO (-+)- 
BOJIHOH, KOTOPad 6e3 HHTepBasla CMeHAeTcCA (—)-KOuIeOaHHem (puc. 4 A, 0). 
Hepeazko HaOmomaetca BTOpasd (-++)-BomHa. JlaTeHTHbIM MepHoy oTBeTa paBeH 
4,5—6,0 mcex; amnuuryya (-++)-cba3pr gocTuraeT 500 us; (—)-cbasa TIO [mpu no- 
BePpXHOCTHOM Hapko3e ObIBaeT OIH3Ka 0 aMMIHTye K (+-)-cbase. J. mutTebHOCTS 
o6enx (ba3 HAXORHTCA B Mpefenax 7—10 mcek. 

Bropas (-++)-cba3a oTBeTa BeCbMa BapHaOuIbHa 10 amnuuTyye (20—100 ts) 
HM jwIuTembHocTH (20—50 mcek.). 

IIpH ray6okom HapKose (puc. 4B) amnuautTyya cas CHM>KaeTCA, a AJIMTeJIb- 
HOCTb HM JIaTeHTHbIM MepHOL yBesIMYMBAaIOTCA; B STHX YCJIOBHAX MOKET COXpa- 
HUTbCA TOJIbKO (-+-)-cba3a. 

Ilo Mepe yqanenua ot OMA (puc. 4e) maTeHTHbIN MepHoy oTBeTa yBeuHUH- 
BaeTCA Ha HECKOJIbKO MHJIJIMCEKYHA, AMIVIHTYAa (as YMeHbIWaeTCA, OTPHILaTeJIb- 
Had BOJIHA HMeeT OOJIbIIyIO JVIHTeJIbHOCTb, A BTOPHUHBIC BOJIHbI BO3HHKAIOT 
yale. 

PaHHAA OTPulaTebHad peakUMA B cboKyce (puc. 46) mpegzcTaBssaeT coOoK 
ByXxa3sHoe KOsIeOaHve C HavaIbHO (—)-BOJIHOH, JaTeHTHbIH MepHoOd KOTOpOr 
Ha 1—2 mcek. OoubuIe, vem saTeHTHBIM Mepuog ITO. AMnautyya ee paBHa HH 
yale MpeBocxoyuT ammsHTyay (+-)-cbaspr I1O, a AwHTeMbHOCTh Ha HeCKOJIbKO 
(3—5) mcex. Sombie. Bemeq 3a Heli 63 HHTepBala pa3sBuBaeTca (++)-BOuHA, 
aMIWIHTYa KOTOPOH JOCTaTOUHO H3MeHUMBA, a DJIMTeJIbHOCTb B 2 pasa OovIble 
ipelblyureH BowHbI. MHorga oTMeyaeTca HeOoubuIad BTOpad (—)-BoumHa. IIpu 
ynanenuu ot OMA POP (puc. 4a) amnuutyya (—)-cba3sbl yMeHbulaeTcA, a Ja- 
TeCHTHDIM MepHO OTBETA HM JINTeMbHOCTh (a3 YBeJIMUMBAIOTCA. 

IIpu nepememtenuu sekTpoga or OMA POP kx ®MATIO (pune. 4e, e) 
(—)-somHa POP mocreneHHo yMeHbllaeTCA, NOABJIACTCH He3HAYHTeIbHOe Hawa- 
JIbHO (-+-)-KOIeOaHHe, KOTOpoe HapacTaeT OMxKe K DMA TIO. 
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C yrayOjeHvem cTeneHH HapKO3a CyxKMBaeTCA OOAaCTb pernctpauun POP, 
€. YMeHbINaeTCA KOJIHYeCTBO TOYe€K KOPbI, TeHePHPY!OULHX MOTeHIHa Cc Ha- 
\JIbHO (—)-casoii. 

IIpu ray6okom HapKo3ze POP mourn mepectaioT Bo3HHKaTb (puc. 42). IIpu 
HMYJIAWMH COMATHYeCKOrO HepBa OOJIaCTh BOSHHKHOBeHHA POP Goubue, vem 
HM CTHMYJALMH BHCHepasIbHOrO HepBa ('), a BIMAHHe HapKO3a MeHee CKa3bI- 
leTCH Ha XapakTepe STO PeaKIIHH; ee MOXKHO PerHCTPHPOBaTb HM MPH yACTOM 
MOyTaJIOBOM Hapko3e. Bosbiioe MpocTpaHcTBO, 3aHHMaemoe B KOpe 30HOIi 
MeEMCTABHTeEIbCTBA COMATHYeCKOTO HepBa, NO-BHAMMOMY, OOyCIOBIMBaeT Ha- 
rave OOJIbIero KOHYeCTBA TOUCK KODPHI, reHepUpYylOWlUX NOTeHUMaJ C Hayadib- 
) (—)-asonw. Stu TouKH pa3sOpocaHb! MO BCel 30HE HM YepesylOTCA C TOUKaMH, 
‘Hepupyrourumu ITO. Bonee moTHoe pacnomoxwKenne TOYeK CcocTaBIAeT OMA 
O u POP. Onuako «aucTbIx» yuacTKOB, 
. €. TAKHX, Pye OTBOMATCA NOTEHUMAaJIBI 
WIbKO OJHOH MOJIAPHOCTH, MOUTH HeT. 
allpHMep, Ha puc. | BHAHO, 4TO B MIpe- 
sax OMA TIO orgogzates NoTeHuHabl 
HavaJIbHO (—)-cba3oi. 

Bowee Toro, HHOra MOxKHO HaOuito- 
aTb, UTO B OMHOH H TOM we TOUKe (HE 
2peMeliLaA SJIEKTPO) OTBOAATCA NOTeH- 
daJibl KaK C HavasIbHO (++)-, Tak H 
auaibHo (—)-cpa3soH (puc. 45 u A). 
alle (+-)-OTBeT CMeHAeTCA (—)-OTBeTOM 
PH yBeJIMYeHHH aMIVIHTyIbI pa3sqpa- 
‘atollero cTuMywa. IIpu 9TOM, Kak 
papuio, POP HayuHaetca Cc HeOOUJIb- 
coro (+-)-oTK0HeHHA (puc. 45). Co- 
qaeTcad BleyaTseHHe, 4TO B KOPKOBBIe 
eHpOHbl MaHHOH TOUKH CHavasa MpH- 
OAHT paspay, reHepup yrouruu (++)-ca3y 
OTeHI\Hala; BHe3allHOe pa3BHTHe ITOH 
a3bl IIPepbIBaeTCAH ApyrHM pa3spsaq0M 
3ePOATHO, OosIee MOMLHBIM), H HauH- 
jaeTCA pasBuTHe (—)-cba3bl noTeHHa- 
a. Yem Ooupie fHauaibHblit (-+-)-mHK, 
2M 6OIbIIe JaTeHTHBIN TepHox POP, 
. €. JWJIMTebHOCTb (-+-)-MHKa OTOJBH- 


Puc. 4. XapakTepHble MOTeHIHaJIbI, OTBO- 
JMMbIe B {OOJIaCTH peACTaBHTeJIbCTBa Tle- 
pefqHelt KoHeuHocTH, BI CcomaTHuecKol s0He 


aeT MOM€HT pa3BHTHA (—)-a3el. 
MoxkHO IM paccmMaTpHBaTb POP Kak 
IO, B KOTOpOM OTCyTCTByeT HavaJIbHaA 
+)-asaP Ha puc. 4/7 rpadpuyecku 
peactapnenbi IO u POP (nmapamerppi 
3ATbI U3 puc. 4B u A), OTKya BUHO, 
To (—)-cba3a POP (nyHKTup) Hactyna- 


Kopbl. Caepa: A — nepBHYuHBIM oTBeT, 5— 
paHHAA OTpuaTembHad peakunA, B, [ — To 
*Ke pH rty6oKom HapKose, 6 u A — POP 
u TIO B ofHoliTouKe Kops, JJ — rpacuuec- 
Koe H306paxeHue [10 u POP (cm. Texct). 
CnpaBa: dokycbl MAKCHMaJIbHOH AKTHBHOCTH 
POP u IIO u norenuuanii (a — e), OTBOLH- 
MbI€ B COOTBETCTBYIONHX ToUKax. BuyHpy 
OTACJIbHbIe TOUKH MPOTHBONOMOKHOU oKycy 


T Ha 2 MceK Tlo03xKe, 4¥em (+)-cba3a TIO 
2M0WIHad HHUA). B TO xe Bpema (—)- 
oa3a TIO pa3BuBaetca Ha 7 MCeK 103- 
xe, em (—)-cha3a POP. Takum o6pa30M, BpeMeHHEle€ COOTHOMIEHHA OTICJIbHBIX 
ya3 IIO u POP orpuuator Tox JecTBeHHOCTh 9THX MOTeHILMAJIOB. 

IIpomexkyTok BpemeHH B 1—2 mcek, COCTABJIAIONMH pasHully B JIaTeHTHOM 
‘epuone POP no CPaBHeHHIO C JaTeHTHBIM TMepHOOM TIO, pape o6nmHomy Bpe- 
(eH CHHaNTHYecKOl 3azepxKuH. IlosTomy MoxkHO Mosaratb, uro POP, 8B ormune 
7 T10, reHepupyeTca He B CllelHpuyeCKHX MpOeKUMOHHEIX HeHpOHaX KOPbI, a BO 
(CTABOUHBIX, MpOuA OHO CHHalTMYecKOe NMepeksuoueHHe. He ucKsouena Hu 
‘TOpad BOSMOX*KHOCTb — YTO paspxAA, reHepupyroutHH POP, mpuxogHT B Heiipo- 
(bl KOPbI He 10 MIpAMBIM Ta/laMO-KOPTHKaJIbHbIM IIPOeCKIMAM OT Crellupuyeckux 
“ITOK BeHTPaJIbHOTO Apa TalaMyca, a 10 NpOeKUMAM, MPHXO/ALLHM B Te 2xKe 
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NOJIAPHOCTH 


TOUKH KOpPbI, JHG6O OT peTUKyJAPHOFO ALpa TalamMyca, HOO OT peTHKYAPHBI 
KJI€TOK, PaCHOJOKeHHBIX MeXKLy CielMpwyeCKMMA HeHPOHAMH 3aqHerO BeHT! 
pasIbHOrO Apa Talamyca. . 
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